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T&o fo r  lr i©  %%& litSlnQm® o f © m il
emmziMs o f n le ke l apoa o e rta in  o f  tti© p l^ i lo o i p roperties o f  
tesaao ®vi&m% a t  t&e t t r o M  o f  ox iea e lve  f a i l u r e  in  
outoaofcllo ©otspomeats t o ln g  is trrlo o * la  t&o o f piw&pii&T 
brans# $ t$ # r ln #  tm r@ * &&& *@&i& la  th© aaa o f  tr& o to ?  b&olc* 
f i^ l#  wrs&^ho©!©* i t '  waa found tlm t seM»€Miae aaateriaia oero 
ll& b la  to  p o roa lty  and tti& t o ^ lio  ino ius ios^ «r«r» present.*. 
fhm 'Q & m tnz  n 0Onsidefo%ia d e ta f io re t io a  in  tlao m o h m im l  
fmp^mtim m& la  %bo to w a r*  & re s u lt o f
e&tenelr® t ta te # bowretr# i t  m& a l wavered tha t the e iu lt io o  
o f  n lo lio l In  eoount* o f about 0#0 per ooat* mm e a ff io U a t 
to  oteroom  ttilss fK iro n ltf an* n o i l  m  to t&c non*
u&i forest iy  o f e trao ture  whioh upon .^ ta l l ir ^ io a X  ftx&n&a&Uoa 
hm M m  observed la  t&asie fa u lty  oosapo&oals*
la  ttio o f  .e»36fsf  tit® ©ooliaalofe.1 proportion
reeleta&oe to w©« or© the  e>st Important ew cl&erotlona governing 
Ihn eboiee o f  m ic ri& X e* a«& t Mr^PA ©on&uetltrity Is  ol&o o f  
In te re s t e laa* I t  is- e®©sfttial in  p ractise  tUot oay hast 
generated be ilse lp a te a  as ra p id ly  a 7;i pOft ® Ib is  frota iho 
w a r in g  m gfrnm * An increase la  teapcyatare is *  however* 
in e v ita b le  feat a a e r ia l a fc*s&#uro o f cooling o f the components
la  provided by. tfeo lu b r ic a n t csaploye4* E ^ ® ,  I t  i© found
th a t  suefc components as b fte&**x le  d r iv in g  .©mra o f  nuto** 
m b l le e  siid t r a c to r s  fsoy d o r ia n  con tinuous s e r f io n  reach# 
end tor^ttes even exceed.* a temperature of ©Q0w* In 
o x o e p tio m i e lrou ias tM oe%  indeed# a te s rs r& tu ro  &e t i lg j i  as 
J>8P°C# lias fetm recorded# f l i t  t lie rn a l mnd u c tlv ity  o f  t&a 
m t e r la ls  & m m  i m  g m m 9 ©at th e  v a r ia t io n s  in  c o n d u c t iv ity  
w ith  tempera tu t©  m m  th e  ranges mentioned o re  th e re fo r®  o t  
m m  mmil le ra fe te  p r a c t ic a l  import.an-oo* ■
A t regards the  t s a l lo y s  developed It was no t to w n  
whiit was th e  ia f ia tn o #  o f  th a t#  © m il  a d d it io n s  o f a io& e i upon 
th e  th e ta m l c o n d u c t iv ity  o f  phosphor feron&a* on th e o re t ic a l 
■irotmds I t  #as eonsidesrea th a t  fcic&ci, In  fetaourtts up to  0*5 
•pm  o cm t# *  a s  h a d  h m n  « p l& y c d #  w o u ld  n o t  lo w e r  a p p r e c ia b ly  
the com duotlvity o f & fero&Stf con t^ in las 10 par cent* o f t in *  
but I t  mm decided to  es^uip© f i r s t  o f  a l l  in to  th e  in tlm m B  
off © im li aoou&ts o f  n ic t o l  upon the  thorg&L c o n d u c t iv ity  o f  
pore copper#
la  ravishing tm  dveil&Me aethod* for masuriag tterao l 
co nd uc tiv ity  i t  become c le a r th a t those la  mu were not capable 
O f p r o v id in g  s u f f i c i e n t l y  a c c u ra te  r e s u l t a  f o r  th e  pa^voac I n  
vlow* Senee the m©#i. aroo# also fo r  tho wvolopaoot o f an 
spparotno capable o f  p ro v id in g  the rm a l c o n d u c t iv ity  iw is u re -  
M a ts  o f  & M g M r  degree o f  accuracy than, those then a v a ila b le *  
fh© aoenraey c la i/osd  fo r  the ustboda g e n e ra lly  u a e l »a* m
A*
than shout 1*5 per cent*# but for the present 
pur pose® it  won oonsl deyod iterative to dotoiriiins the 
thermal conductitltf of is&t& lllo ©■■■©ei»iis& to on Baairuey 
not le t a than 0*S5 per cent*
Bow* the plifalfal properties with which eaglpeora eu4 
designer© arc chiefly in  m rm M m im  the isulcrials
t o  fe® tis o d  oa ip u r a  a r t  t o n s i l©  o t r o a g th  a u i  .ha rdness* to o  
b e h a v io u r  ie lf th e  m s te r im l u n d e r  t o r e i o m i  s t r e s s e s  i s  & ie o  
of coEsiiernMt l0iBortt.no©* sickI ©on$l duration® of density are 
of lattrcst fro a t&© met&llar&io&l viewpoint* Bteoe the 
addition off mlcteol to ptie i ?f bronze tena brought about an 
cppreei&ble rtfin ins of tfe© structure# it  « s  doeifea. to 
determine partit^Uveisr Its  influence in this rcapect and to 
s t t^ r t  n im  # eoyyelmtion* whey® possible * toeteeea the 
effect off niolitl upon grain ®i o^ and. l i t  influence® upon the 
other 1?hys u  X p w p e rt ie *  under eass&iiiatioft*
th# ala of this rcme&roh woo thereCure iwo f^fold# 
firstly* it w  f©#irod to devise a m m m lm t  &pparutu© and 
proocduro tor w ea r in g  me accurately &a possible the tfearml 
eaadttotivlty of sstid li#  ©peclscaai* and aoooMly* i t  tr»a 
toslred to establish the influences o f  *&&& & M it lm m  of 
s ick -e l uosn o o r t i ia  off th e  ffeyaic&X p ro p e r!!© * off copper* the 
p r o p e r t ie s  o hosen  f o r  s tu d y  fe t in g  m ie ro s trm o tu re #  d o n s i t y *  
fesrtooes# te«lX # mad torsional properties# grola else mad 
thenmi ooa&uatltity# The iitefcel addition were limited to
4 *
0*S per cent uM two ® m tm  off alloys *e*e prepared * one off 
lo w  oaycysa e e & te n t a s i  th e  o th e r  o ff h ig h e r  o isygea ^ r e e a io g ©  
in  order tha t the in fluence  off oxygens <*><&& bo deter&l&ed
fc l$0«
a.
sect Ia n #  3 *
w im m n  m t a
t&  / k  141ns tlm  m®p?$ o f th is  re&^&roh & th ro u g h  ©o&roh 
through thu s ira iio tils  M te ra tu ro  mm mmitttnkm %m mo^tx&tsx 
tm%M fha &mrm m S  the result®- Bt pjwioua m m  In t®  the 
. is f in tn s #  ©f i s s l i  * .vm ts o f ulekoX upsm eopp^r* i t  
fhmnt tha t tM In  ois©h d a ft had heaa eoiXeoiod hp rnm^tou«
l i t i i a  os? no & t i « p t  & t t h t  o o r rs l& iio u  o f  roftoltd hat 
bo d fl WB-^M*
S m S M M M M
flit first attempt to dttcrnlme the eonatitutioa a* copper-* 
m i& m i allots «j>pasrg to h&ro M m  m M  W  licyeoet sal Jtevillo 
|I | In the ,,*• r- IS9f# tMa &s laoo^plcto f tm z in n  p o in t  
dl&gros for alM ys ©oJitolnlmp u# to 3*3 per tost o f M th e l was 
flii^  Halt oft though it mis* eatahllahoa
tho f&si that the ii^uidun oiarfa Irormasa ftari 1 Q0^°O* for  
pore eopper to li;.o°c:P ##oa with t&« quantity
of siokfXf hut tho oowetponOXns ooliduis cojrro was m l drawn* 
fuh?* *< nti^i C^artler and ffcesraaaa {&}» hwrniho? &®& Zmmzwms 
| i } $ afld xs ffo i H i  px&li$faa& s<?p&rate fre o £ is&  p o in t curtNsa 
a t  ohaut the s&a© ti& e * iU l  o f ofcieh &c?se that & aoatiauoust 
aeries of solid «oXtttlo&& ia forood betveen aloha! osd topper* 
Thest ohsoriratlon® h&?o « i&o* re e o iw d  im p o r t  f ro a  T iro u rs m  
HI *ho9 in studying tfca aheoloal teturlour of eopper^aiofccl ,
/sag.
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0#
a l lo y #  # th a t  fo r m a t io n  i o t o  m t  o o o u r*  Uo
do&bt th« m n t &%mlmim? siritenoe 1& aapport of this trio* of 
tha t* constitution I f  th&t team. fro:$ &lQKmtrastur&® 
from astsrs^aatisns o f thers& l &n& $x*otpl*&x oaaduotx?itlc*«
Tti# otuiXibriura Misgrsa &*$ the rel&Uoa&&i9 bei'seea
ib te»X  sonfcetlvtiy &m to  o ittton s*© reproduced la  the 
Meoap&nying t t t m t m t lm *
*1 C 'O 'i^ tm t lx r i i r *
la  the- study o f thssoal eoM ueti?ity la  this s w in  of 
sXXoft i M  pu&ili!i#a result® o f Soteiroa ($ ) ore tfco m et 
oosalate ®i.m® the <i*.ce sorer** the ahols series
of tlloysf* f l t h  a&dittai of alctoX to eoppor this .property 
mxit^tB  oonsliisreMfi fo r tha rtsaiti* ©hoe that tho pr^s^noe 
of only 1 per sent ro4uc£#s the eoasuetirltjr to l i t  t ie  mra than 
fiMM ih® o r lc i im l v&X&o* Ilia  e oa & u o iir ity  fo r  e le o tr lo lty  
eh&nges eorrr-5'OndXagiy estih of the so properties is  reduced 
to o rsXstoxn with progressive sidditiosis of aic&eX before ris ing  
* 8&1& to i! if  f^loea fo r pw& aiolsoi# Certain aooaurc«Bt$ of 
thws&X oonitstiltrlty M t#  Men olso undertaken b j  ULUs*
I jofp® and s&e$er (7 ) ,  n$ln$ the method o f  Elnp fo r w lros*
» &  tsar# roeentiy c# 0* Bs&th {0 ) has puhXieh&d in teorioa a 
nar*Mr of reports o f in rm tis& tim a into  itm  infiueno* o f 
nd&od fii©‘iserrts to esppsr* including that of uic&el# in  
addition to the ob-oTO worlc* Haaoon sM  ftodgora (9 ) fmm  studied 
the M a t m n & m t i 'f i t j  o f nieMX w i r in g  eoppor alloys up to o
7*
a d d it io n  s f  4 # i per m n t o i l ie r  ooE itrlb& tlona to  
tb s  t o w l i - 4  *o o f  th & m  ^ m p ^ t i m  h m &  fta *a a » *a  $*<&»
t t e  l a  t i »  fey s m m t*  C i3 | *  'm m M m n  ' { I I I *  and W* f a i t h  
{IS}*
ffc t lo e s s  os m p p m ^ n i ^ l  a lla y s  feairo
h m ti s a #  fey a migfe*? o f m & m vB , u i»t&feie e o & tr i*
fea tioa feeing th a t  o f  & M  i^ jp te  (13 ) «fea have
r e p o r t s  a  Im r e a s e  i s  B rU m lX  hardness* a d d i t io n
o f siiokol mp 10 43*S p m  n m fct w ith  a sieXXer iaoreaso &* 
th e  f^ d u ta t  o f  © X o « li3 ity *  f l i t  a l lo y s  
mul&%®®& m  * *o  d& ilb^r& teiy «4 &ei to  prevent 
m?mk%mi Putins  t o l l i n g  t r s & ts m t f  feut th a t the tmtw- re p o rted  
fey th o rn  two m m ^ m  . re p re a w t the general l&£Lu&&a$ ho& feeoa 
0 0 h fi» 0 < l aahefaM X&lX f fee SXe&ey (14}» ofeo fe&a s tu d ie d  alao 
tfeo e la t t r io a i  p rope fiia# * llo r’t e ’j  1151 hat t&Een tb ia  etu&y 
o f  fe&rdmo& s M  fia§ a tte a p t© i to  o& iaa li& h  & o a th s*
o & i io a l  fe a s ln  f o v  o M o ir e X  b a r i i ls a a  t a ln e s *  w h i le  Xa-tatu 
X g a f& a b l {1 6  J l e i  ol&<* r a p o f t e i  u p on  th e  fe&r&nssss o f  oopper-* 
ariefe eo iM  
m X j* S Z i
fW B lu a  t o  i« 3 f ie l t | ! $ i t  i s  four**! t h a t  s t u b !
( 1 7 ) feas rego:rfeX eB insreae© la  tao w^eaiflo e re v ity  o f 
oopper fro a  8*6 to  0#7 upcm eXloyi&s w ith  O # j4i jpeiE* 0&&t o f 
M eX c l* That iM it I m r m m  in  ae& altf reau lta  fre a  efe&fi£e»
8 .
i n  l u t t i m  B t tm tu m  sines hm u  fey ftenji
felafeijaaa tXS}f who re p o rt# ! itm% the § a m i i im  ofet&irved fey 
$ itm f  mm-mmmmrn, m lm im  -titfe o&iouX&ted froa
efertrrtX  i& t i io e  m m iu n im « Ifees# re s u lt$ thus e o a flra  the 
< "XI®? de&uotioas o f Owoa and Frsgton { i t } # to whoa m&% bo 
gi?«a the a r^ d it f m  m t t b l i ^ i n t  t t a i  s iia y ia g  fcetwocn 
m in im i &»& mp$m? ®mwz® fey ftire&t « i& * t itu t i& a  o f filohei fo r  
oooper atoms* to  tfee lu t lm n m  o f nlft&ei Upon oopfer la  
tfec o^st cond ition* ©oirsa {io j- re » r& $  th a t 0*09 to  1*5 per 
eeri of t ie  fXSod %X®mnt sosytys ia 4jro&£e<S density fey lowering 
th is te a d e n o y  to w a rd s  $&$ j^ r o fe o i io a  o f  p Q m m  s i r u o t u r o a *  
x fe ls  fs e # !*  &l@o r*  t a r ie « I i s ^ r t a ^ i  t m s i i s  s t r e n g th  ernl 
d u o t l i l ly  a s ry ra n y l’V n io fts l e td lt io n s  to  copper#
& t e h ! £ s l _ l f : f e r  i  * £  JuL>
stafel {17 i feat lalTisaa llia t ii$m ifim % i^m . oovoriag 
m a tc a l& l t  f o r  f i r e fe a s ts  m y  fc$ b e t t e r  s s l  fey m p p m  o o s t l i n in g  
a t w  tenths o f ©&& per ooat o? n iako l l:im  fey ar&onlcol aoyyer 
o fiMafe# hws*-$rf fe&a bmn m m  mm  r a l ly
oooepiod abroad I t e  la  e&nX&£$* He rm o r tM  that o f
tM s  type of oopptj* a tm m lle  ttrmglfe ur from 14*4 to 
I 5*d toaa/ea^tE, with im tm m €  d u c tility  ovtr m ttr ia la  
m r  U y  u s e d *  t h i s  d u c t i l i t y  b e la y  r e j i r e a m t a i  fey an  
elongation Of 33 to  43 par te n t*  and e reduetion o f area 
amounting to  S i to- OS per oont* la  addition,, fee was l&fe to  
ob&«y?« tha t wfeila amaXl aisomt^ o f wntiiaany ulono in  others
mlm pmn copper the and t&e £$m*r&i q u a lity
Of the m lm i& X $  it a laflsemca is greatly enha&aed
h f  t!i#  pTt'mmm o f m &IX asaountc o f iite&eX# According to  
et&fei fk im $ S*1S per cent of nle&sX. with a Xi&a & m m t of 
a t i t t e m y  l r ^ r « « t e o  b o th  t lm  h & r& m m  aa th e  ©ou&daosa p ro v id e d  
t h a t  p s i i®  f l& k o a  & re  c a r e f u l  I f  re m o v in g  fey '*p o X in a %
Again* S tah l* In  &ietu$®Xns e ffe c ts  o f Iqpa rltlc -s  in  
XMaslhfli copper* mentions the feene fic ls l fcish&vlour o f nXe&tl 
Is  small amuata on the $trer,wih# 2!o? e&n&ple* w ith
ii tilahe l cost sat o f  0*1 pep cent a m Mmm W m kirm  stree* 
o f  S it 00G to  4?f 0OQ ifes*/ap*if!* f «  obtained* with m i& m  o f  
S$*3 to  4S*D per ©ent fo r  e longetlon aM  00*$ to  fei#7 per cent 
for .reduction of area# in the 4i»a&siio;a of t:ie$o result*
mehrnna ( t l j  agreod th a t ulokeX impgmm  the iea& ilo  streng th ,
Griffiths {S3 }* in o frwi#if of the properties of eopper* 
n t& m l e i lo y i  tosta im ing up to  54 per ©eat o f n ic ke l*  baa 
mntiaaaG th a t n ie  * t l  has as I  i*  M ete e ffe c t upon te n s ile  
s iren  *tls# u g ll  as a pres&unft&d e ffe c t upou d u c t i l i t y *  
he fiae tmphaslsei th a t s -g per east a dd ition  provider an a llo y  
o f U , I  to & s /^ u in *  tc m ile  ®irc^;tfe eos&insd with on eloocatlon  
o f 40 par eeiit &ms a reduction o f  &reo o f  ?3 *S par -oeot* This 
high degree o f  d u c t i l i t y  is  stated to  fee &eo«^p&'dU4 fey an 
inere&se in  touc&n^oa* a fo o t whlc& fin ds  eourira& tioa  la  the 
result# of work fey S&uelte {HS}f *< o has reported that the 
a d d it io n  o f  1*5 pop cent of* n ic k e l doufcl&s ilxis is p a c t s tre n g th *
the bemfiolal In ihA m m is  o f  thm l 1 rnmunt^ of alokeX 
i.u -eopBcr tere# IM ® M $ hm& vo&ll&ed im  m mt&hzr of y«&r«f 
for long «$* an l$ ia  Joh&feor* (£4) *.t t$& li^ t evou tr&o&a 
of that impart isore&$«& etreapta nM It
nsn fu rth e r es^h&si&od la  th a t paper tha t tbe$o smtml^X^ 
gvm&B® ifior#ase4 *0&l&t&&&o to d ^ fo im tlo a  a t h igh tempera.* 
turns hut U ni ftra<g&lef i f  ptm&&% %Xm$ taasla to oouatar&oi 
tlieet baa^ fXeJUX effects* 1 ro# fotoetfm advised that its the 
pr^&euoo o f erseal© .the oost^at fthftoia .he &®$t Xotf i f
-pm^pmtim ®t € lm u tad tui3$«r8tur*» ar© ©gught* 
o ls ^ r ifa tio a  o f both S tahl and $&hmm  b&v© rooeivod 
atep& t©  m ppott la  ruhf^cpeai p&p$'z& usX tta tesea ts  b j 
nuaorous ©©rfcer©* hut &&©& o f  l i t  X&tor work h&a boo a dcvotod 
irore pertloularlf to tho l&£Xu©&©©« of ui©&©X upaa ©oppor 
e41@ft o f p r& fti««x u t i l i t y *  lo r  ©smb^i©* ta flc tttabu rc  ( t 3 l f 
s m ile y  (B0)# Host ma Oroimsft (it?J* fote&oa (&8)t Gaertl&r 
and Ileasal {§§}> &M OulXXet t & l#  h#v© 4i«©u$©od . its  o ffea ts  
upas brasses* Iroamaf and Adsdr&lfy m m  F te as ily *
'BmwmCmn^ Qm 1 &M f i l l e r  (3X)* b&v© reye&led tfca poes ih iX lti€s  
of ail^^srlaalns is 4X1 of oopper* nioksi ar*& oluiainiun# 
l a  tm  c a te m t ir©  i s f e t t i i p i l i o a  i n t o  th e  <..*©p©rtifc© o f  
©old^dlfttta oopptr^u iokel a llo ts  o f I t a a  thsm 43 s^ r ooat 
.nlefeslg Joaas t Ff©iX asd Griffiths {$$) tm© *$t&feli*h©& that 
the a llo y  cftst&l&la$ a |>€?r ©osi o f alaktX $©**«*»©& ssrk©4Xy 
superior duotittty over that of other a®&t>«rft of t!i# varies*
XU
Thm$ &f%m fo r  th ir ty  g&mtss &% ?oo°o# t% oon&i&$&
ci temsllf sir  th of M*9 toas/ee#lsi* with elongation of
s# per otst la n i m * $ *M a rMuetiaa of srw of ox per ©oat#
g%m® ttm  wm k  i.a tho f o i t e ia g  repo rt dealt
niso w ith  the lafluea®© o f  alo fctl e&g ©aygea to o th e r  is  
e^ p fw * a a«arth  u s  m m  mimrt&lmu to it to ra ln a  the cm tes t 
o f previous w»ls ea th is  euhjeot# lior© the only a u th o rita tiv e
Bt&t&m&t® mm ttm m  la$® i u$*m *w &  o f the t*&ti©a&x
f t y e i e & l  L a b o f i i t o r f t  © © M u o te d  b y  & r o ! ib u t t  oad i f e r r y & t  s M  
published by the B r it is h  S iot^fafK m  «£$t*l8 <&*oeifc<»
tloa 1531# flit f tr it  of the two resB&rehos undertaken 
established that the la t tm n m  o f  AiekeX ©a copper of low 
0%ygm mntmi-i vis# 0*001 to ©#0X0 p®r ©eat# is  ocip.ht for 
m lfM  M m  th m  im  mthm elemata euob 04 cir^&le#
Iroa m& p*m%ph®vmt hxti th&t web esaelier ©K»tt&i« of aiokel 
m y bo edded tttt&cat t a t r t e a t  to r o l l ia a  properties hot or 
ooM* la getteral it  is  fousi that ttlefcel in eosfttmtle© «ith  
low o^r^ea ©oateats yeiees the u ltim ate  etroaeth o f ©opper 
without lost- of dwtiXlty tad to improve sis© faticua 
properties* but ® lm tv lm %  © oatoU vlfcy  Is  seriously lowered# 
The dot© ©btelnei» in  tm t§  to cot appear to Justify the 
m l&lm  for oopper ©oat&lniag smXl $ere*&tet£e* of nie&oi*' 
but i t  umy bs resa&rfted that in the seooad of thm® tvo 
yreearohea the f^ch&aieel properties o f eopper*«ieheX a llo y s
IS *
o f h igher contents d e f in ite ly  st&tea to  be very
good# I t  no tiM  appear* th e re fo re  * th a t  va lu a b le  p ro p e rtie s  
fo rm e rly  a t t r ib u te d  to  a le& e i &or© e o r re o t iy  re la te  to  the  
uoaM ne! o f  fo o ts  o f  i t le k e i and. oasy^ea#
~ aum&er o f  ru p o rt#  a# to  the  tn f lm n m  o f  © iys§a aleao 
©a ca p p tr have %##a presented fo r  eoa&tder&tlon# *hu® is&a&m* 
imrtjnt m&> ford ($4} feat# studied the intlmmn upon density* 
fa t ig u e  p ro p e rtie s  § i&*»cet s tre n g th  ^ad ts ie ro a tru e tu re *  and 
tisve also fo an ®wmimtto& Into the solubility of ©xjrgea 
in solid  iq. nr* The a d d it io n  of ala&el to copper of 
r e la t iv e ly  M gh  o jy g tn  eoate&t has b#a» g s a t r s l ly  h e ld  by 
those #seag«t in the eoMerolmi product ion of these alloys 
to  v-mmt la  the  fo rm a tio n  o f  o io fce l ©side by replaoesoatt 
o f  cuprous osld#« liU lirm im  ($ 5 )*  f a r  in®tone©* has ©toted 
ilM it in  th e  presence & t 0*1§ percent o f  osy&o&ft th is  fo rm a tio n  
of cte&el orido n il!  ©eeur in the preaene© of something le#s 
than 0*4 percen t o f  m lo lit l*  th e  ftie& e i o i ld o  then a ,p ee rin g  
s i  i s  i&el&aism# In ^rmm-M with thm& results ihe 
r A b io a s l  r h y i i ie ^ x  la h o r s t o r y  r e p o r t  ( 3 3 )  p r e v io u s ly  m entioned , 
established that the addition of I percent# of nickel to 
0&PP&& m m t& iB im  t i* l9  ge re ta t#  o f  o.sy'gea cause© a m r m & zioa  
of nickel ©ride* which* by reason of i t s  lo t  solubility in 
&lt*lo acid ®m M isolated in the form of grofcii eublo 
©etfthedro# fh is t re p o r t a lso  shows th a t o&ygeii doe® not 
p re v e n t s a t i s f a c t o r y  h o t  r o l l i n g *  t u t  he® a h a rm fu l  e f f e c t
on the mM- ro ilin g  p m p m tlm  of m &t ingots which 
alcf:©! iooa not oppo&r to ooontertet to  the ®sib© «>*te&t 
&s m tsm i©# I t  is  els© ©born that tha ultimate i^r©@©
of asaetled rods of copper**©!c&el«o^g*a allows is uniformly 
high ©ni th a t &s ©ojsp&rod. with aiofeelHioppor a lloys  of low . 
ofgrgea m s tm t they era of nurtodly l&*?eea©& strength# 
for im tm m o $ the uxtlaiat© etrength of m  alloy coat lining, 
&1©$&1 o * f l  p tro sn t** oxygea w*GM peroeat* # In g ife a  £$
14*6 * n M w m  m  % iM f  eont&i&lag n io m l  ©«SS
•/•©roeat#* o.iyeta a*10 percent** is ©tuied to yoaatoa a 
tensile strength of 13#© toae/e^ ia#  th® value of $o?oe&t«ge 
©iongsxtion ant reduction o f e*©& a t fra c tu re  41*0 ,  however, 
s lig h tly  lowar rm  ttm  h i #  oxygen alloy©, iaaiostlag 0010© 
in fe r io r i ty  in  d u c t i l i ty *
4 further reference to  the l&fltuiro* o f  .oaygoa is  
©ofit*lii©d in & p»?or by berotohoy ant .i-mrgoiina (35), who 
hove. observed 4 s lig h t ©*uti_,e in  to m il©  «tr*&&t& acoomp&alod 
fey a & 1 sproportio&attly JUr © 4©#*©**© la  ductility#  &» 
referenda* however* ia m&® to Its  igflue&oo in tho presence 
of nie&el*
from consi^rutloh of thee© published sluttotals a at. 
fsctu, i t  would &ppmm that not only era the resu lt$ o f 
i a v e a t im t ia a a  w id e ly  0 1 f fa a o d  th ro u g h o u t th e  ava ilab le  
lite ra tu re * hat that the t&SXU£0<5© of ozygm  1 a &lo&*l*b©*?laG
copper is largely ualtaowa apart froat bh;C facts eet&bliahed by
H *
Ike w te s t  pMltomX m pztt* »e$oF4l&gJLy#
In  deciding tbw *oop* o f the p re test work a t«o<*xoi& &&s 
hmn '&$$% 1b View* mtgaiy* to establish us mmkmt%l% &« 
p o e tlM i the its f i s t  o f tkmm %m upon eopper#
.**»& t o  i r t t r n  t # w here  p a ia l M t *  & im t m m  th e
re a t ilt f t  secured#
15*
a m t im  3# 
ac-oas m  T ' l ;  i  x ’ ^ n c j i#
l i i  ©o&&ia«Mr&tlQf& o f  th o  *1x>to £m%® i M  e ip e f l^ s n la i 
r^sm lta  I I  mm & m i4 M  to  m n t lm  tlm  proposed reno&yoh uador 
th§  &$&&!&$&# && lneXudl.1^ ^ p o r t i e s  th a t
m m n m t  t te ® 0  o f  tb s  M s fe o t t  la p s y is m e e i*
Ca} iw ^ a ^ m tlo a  o f  f@st c$ec*X$0a$*
|h  J M m
| 0 }  i M r m l  m n a n ® t i t i t y  l^ to r^ & is & U o s w i#
(€ )  O rn ia  ^Xm
{#} ; csa lty  ^ te rsA aatton a*
| f |  r im m  
{$,}
Ch.) le&SlX© fm t$  a t ar&iSS2?3r tt&£>OT&tuy&a*
{ 1 }  t m & i & m l
BaaoOf t& l$  t i m i «  d e sc rib e * tho mihQiI©
e m p lo y  ia  m t  tfm mboro a o te ra i& aU a jia  am
o^aauraacats* U&oh o f  t il#  apparatus u sM  la ,  o f  eaur&e* ©oaoon
to  reaa^roh X&bo#&to*to8 m& t a l t s s  mr-p&ystai o f  o spoo i& l typo 
ftas be^a oqpiay®& qv ot&&&8?3 oaohi&oa h&?& boon m 4Xtlo4  f a r
0O£ie s rp ^o ls lly  piTpom * Xoacthy O onorlp tlaaa o f  o^uipDont
b&v® so t bom  IrseluOaO#
m t im  i *
. vc:£S),
t im  m to & itl& l®  fo rm in g , %im  ®£ th e  eXXo^s p r e p a r e !  e re
o a th o ie  c foppar* $ u ro h a *a &  f r e n  &e&ere# h *  B e l t e r  4  v- ''O tiiS: | &£JUt
MoM niekel «!iat# rt <*• *i,V A VMese the ooppor
foXlo«X?lg tta&lytti* f*
o^goa *** o*B0ii &s4 o^Oin peroeot*
aJL0%e.l * #• m *
Iran * •* 0 # Oe 40 .peroost ♦
Iv^ei <M# o •ov &3 per o © at *
Tin * # #
2:1 ne ##♦ * r^oe *
l a  t e  t s t s f  Cer th e  s&eire e l* a & & t * t  cm .X ym &
iim&e for himmxh^ &r**aio m 3 mtlmn&$ but ttwy iskto nat 
le tn e te * !  l a  t tm  m iim d ®  * > p p * r  m m p lt® #  m m r U n g ly  m  f u r t h e r  
ta a  t® T ttm m -  t t i r e $  e l e ^ a t s  I n  th e  c o p p e r*
n i t  fe e l a l lo y s  p r e p a r e #
The t& e k e l moei la  t h is  rtspi&reh mm $t&dluuss4 tv aa the 
Uoail h iefeel Cor&p&ny l t4 * »  s i i  the t tm ly s i*  o f  the shot te iM lf  
i^m fiSM  %f thM m ksm  * «  fo l lo w *  t** 
t r m  «** a*040 p tre tn t#
c o p p e r  * • »  0 *0 0 0  *
c a lp h n r  *#» 0 *0 X 1  **
m  th% $  r e p r t o e n t s  th e  u s u a l r u n  o f  n ic k e l  & h o i*  no eoagaentu . 
e p p a e r n & e e sse r? *
a
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'm tto n  8* . -
■ft ■ *<S ■*"**. f‘‘$ />»■ t-?5 < ■>•-,*' ■■'wfe'rs 4-^»- 4- «£&?!*¥ V# - t £*%*
M s l t la g  »& * l a  a o o & @ * f ir f4  th ®
t%mn r m i f  t m  ® m % ln$  po*ar@& I n t o  a X *4*u
r  u  t l © h i l l  e im l t *
fo r  th$ p r# tm r# titfi o f th is  aia&Xiirl «oppe* ^paofeoa 
to p p # r  # f  th «  o i» X f# l i r  p r s ? io \ s i l f  %m m t i® &
la n t^t mlef oimtoosl naH tlita mllaw#, to m t § ® tbm  ®&l©h 
It'w on  rtsa& ltM  ©M $®&re4  in to  tfca I« Ib *  round o M i l  souici# 
For $$*tiag9 m m n i tmd tr&a o$f»lo;po&# sM It wot obdcrrod 
t h a t  t h t  im t a l  «.js&$ l&feo t M  !*© M  &w ?in&  p o u r in g #  ?Xk*b 
r tt§ n if# i £i*&« th #  mrnli,. t f t t  tn tfo o o  o f  it i$  s&ttlfi » * •  v e r r  
r c m ii i i |  l a  o i^ i  p o t l t l o a  t h t  t m t l & t  ta td ly  p l ; o 4 *  t h i s
portion b«ia& therofo?* dlwtr&Mii# Tfeo soifc&t of metal 
intern in tM# mptrliatnt mm Xft^ o cra&s*
!'?o*$«, vvltb c
f o r  t h is  sanplo t-ha p 'o o tic te  m ploytb  tm  o u s tin g  so* X 
e . l lo f  nm  etg&in *&»pte&t  fcfc® standard 0*1 peres&t# n la fce l a l lo y  
heing twios is€itoi# DuHa§ pouri&e I t  hehtnrod in  man . 
the same m m m  $hm  t m ovod frots the raould tho &OXidifi©4
bur rough oloag oao s it#  ntop tfc& e & lit  in  tho aoul4 * tu t was 
la  a i l  o th e r  a a U s fo e to ry#  In  bath ia s ta so e * plumbago
dressings were ehose&«
Pure Oosper* with 0*1 Percent* siokel* hi?r-h QxwmnmMWiuilijimi mWd MW) ,*>• Itw~---]* ■ ■ --"f —■ *■---■.• ■  ----------   ., ^g-|ri|1rtynnif1> -n,rr^ ---]lirrtf Tr| Wffriffirwiiririiiiffe
The mixture *mptpy©A In  the preparation of Ko* .3 
specimen w&s Mrs used# but during melting-borax Tlux took 
tlit place of charcoal covering which had been employed la  
the two previous heats# The mould In this la s tm m  
dressed with bene- ash Instead of with plumbago* but when 
removed from the mould the bar was found to he very rough* 
due to the -eatranee of sense flux la te  the mould during 
pouring*
SMa. virtm'Mjms&SjL .JLgg-Qszs^
1*500 grama of high- conductivity copper rod were 
molted-in a grahplte crucible' under a charcoal covering* 
then sufficiently  hot for pouring it  was transferred to 
% seeoad pot containing la i t s  centre a hoi®, olom& by a 
carbon rod* the pot being held in. position on a suitable 
retort stand* W&m examined* the resulting rod was found 
to be very clean and it s  frcctioe very eillcy#
y i i r e  c o m ® ? *  h l^ h  o m m n * .
Tor the preparation o f this sample a bar was made tm  a 
Bolton1 a cathode copper by the method adopted in  casting !*o*
4 alloy* Borax flux was* however* used as a covering for 
the metal In place of charcoal* Boxing casting* a sand head
m s  employed* end th e  which s o l id i f ie d  is  th is  hoed
wsn upon examination found to  be trery porous* The tmr» 
nevertheless©* irsa o f ^004 fcppocrenee ani eound*
E S sS * ia S 2 - iiS S S IL « » J l^  .1 s t
a ii^ lt mas from cathode copper with 0*0 percent*
o f niefcol* the a s li la g  helna carried  out under borax as la
th e ’ preparation o f  e llo y  £&» S* t ls lt  bar ©p&t b&AJgr on
pouring*'end th$ rt* suiting t . jc ^ im m  p m n m m l & poor fr&otu:®
being. serous* ' • I t s  m $ tm ®  .*©© e l so -2«ms&tie  factory * on 
r ^ t l t i n f  «r4  e&etln® © eotlefeotory &st«rie.l nm  secured*
’ l ‘or the jpveperetleii o f th ie  specimen containing 0.3
i.®rm®%* o f  mUfeei w ith  a M „h  oxy$®n’content, aio&si shot 
i i §  a€4a i  to  a molt o f  §ath$4§t copper end m icsei. The 
m ltl& g  m M ltiM m  m m  the s.# during, the prapur&ttoa 
of Bpmlmm  &©* §* end mmm-zma% pouring th© m ia l
bsh&ve&'in a vary e im ll t r  m tm m # '' I t  b e lly  m i  the 
fra c tu re  # f  the a d i l t i f l M  m i& l  showed porosity* ih t *  
eempl* wan th e re fo r©  r e c i t e d ,  © l i t  t i t  eyetiide wo* added 
to  th le& ea  th e  f la x *  s s i d u rin g  the  re e *e ti& &  the  a a t& i 
t ln m  hoimm& m m  m i i t l f  m& the m r fa o #  eppeerudeo o f  
the re s u ltin g  ingot *e&*i4&?e& a o ils f& o id ry *
■ - fh $  8*irm  m  wm® ©sapi©ye4
i n  o f sgeotiaaa la#  & ware hem  us#4 aXsaf
i ts50 $rea© titXiMi t&a © tight o f axia;r the
m ltlx *5 pFootioo ©eo m  & result o f e&rlle*
rn^p^mletmm &&& faolttng mm un&ortokeg in  u gr«$&ito pat ' 
r t i  *  m m t im  o f ew&on* Tfe© tivtftttae § i r m  to  tlia  
tm l i t  ©on* in th is  to,tafias * o f plix$z&g& iM  o il#  Tfceoo 
m m  p m & m t im  o f  m bor tmtiixg & $i$a& eie&& 
gorfso© «m& p®mm®lm  *  oti% 'fr&at«r©«
'p%.y**gi ^ ,Wtllfej. r0|;«S':[ if,
tltster©  la  7 nns h$m  m t 4 $. ih% e m t lag  eosditlons 
beij&g tb© m m  m  %M gm$&*&tion a t  ap a tite s  £fa*$*
M  th e  pm m -m  o f  p m x itm  i% * * *  m t lm 4 th * t  tfeo s§t&x 
spat a t  r if lin g  toto tfe* miai bead* th l*  eoourreao* be lug 
Su© I t  ao ieiu to# t m  bar o f metaX prepared darling th io  
©sportaamt ti§i & #11%  I t a a t W f  the to ta l weight o f aetel 
©biota*© bol&g l*ssx  garoaa*
a malt ©ao prepared flroa i w  topper aM  o ls fe l shot 
o f tho afiaX$*#es ataofcod* tbo fssxtlrig being coo&uotol la  a 
gr&fhito pat oM with *  savoring o f aharoaal* lluab&&> 
ana o i l  s ta tu re  ©to ©srple^d &e the dreaoiag fa r  t he oould# 
la  the proeeae o f pourlag the matal besaa to sp it# but tb ia  
©os © ffeo tito l?  pr created %  piacrlog a weight ©a top of
o f  th e  o f  n s p o a l& o a  wist th e  a a o t& ia o d
fcw^f i is g  .e - o e t ia f fe o to r y  -surfae©  f i n i s h  o a t  a good t e x t u r e
In the preparation of tMn high 0£y&*& ©pooisen the 
method ©Ooptod w tt d ia lio p  to  th at o f  spools©** $b#lo with
the mm-fftion that In thl* iMfimoo tfc® mltl&a ©os ©©**1*4 
o u t ia  a oX% p a t# w ith  b o w s  f lu x  f o r  the o> rorte;:..« ^  
w ith  ©peotsicsa f!o» 55* &■ tx> ©©■*&£& d r ©so la g  f o r  %%m somM was 
©ub&titutod for the plodbag© ©M'oix al^turo uood for the
m jw ttj  of the. ©pooiwas*- them* canditiom  of m ltlm  
aacl easting pyodoood w i 1!  M ttX #  © p ittin g  during jxmrlng* 
mtiA both the ssurf&e© #$pe©r£&o© %M fmutism of the - 
oalM ifiM  bar war© g^oi* the latter being «llky«
B * ** i  eng *0?ehsirXeal T r# o t.v & ftt*
£is®« ifm  ehlof ab jfo t o f this r#a©&r©b «&* the dealca 
and dertXofSBist of m laoro ©oewat© &r4 .&ar© oo&rc&te&t oethad 
o f no^-auriiMl i l i t r m i oaadmatiwitri the o h l l l  o m t  aiio js  
sere rodueod to n di&Bsetor of o#SSO plus- ©#003 laa# to suit 
tha n®© ^np&riitui ©volvod* Th i* do©lelan m  to  the  
i l im m io m  © f the thermal © oatao tlT lty  ftpeoiaaaa a*s m£« ©a 
a r t a u i t  o f  © © taw *?  o f  ©aUUtlnr* method© o f  t t& a o iro s ie & t,
*h€*nf as aeatian td  ia  motion 0 of th is  th©»ls> I t  booaa* 
c le s r that th er deoasd tb© uw© o f  ftpooiaensi o f inoonira&ient
is im 9 m&$ i s  c e r ta in  tm tm s m  &Xm$ o f  speoimeaa o f  a
specially*prepared form* The disaster her© chosen was
in addition very cuitahl® for the mceouramfcut of the 
o th e r  physical p ro p e rtie s  under re v ie w f for with ©pacXaeaa 
of sfproxissataly 4* is* diameter m  apeei&X cop^ rstuo or 
m -ulpm txt is required* - '.
bllti then© objcetn ia riot the c h i l l  ea$t alloys 
©or© th e r e f o r e  d ro w n  to  0 * S io  la s *  d ia m e te r-  w i t h i n  t h e ' 
limit© o peel fled and wtra them fully ■ auao-aled* TJm
o p e ra tio n  was usderta iton I s  a vibboas gaa«*fire& 
fm m m  ehleh «a3#pyromafcrio&Xly ® m im U M 4-9 %h# X^ioya 
being. heated to 6§0/ f 4# € *  for on© Sour, ftiJLloeea by 
-?utasS.isit i s  #oX4 eater# lienee a i l  m^urenents of physical 
propertied re l& t* to »teris*X& in  the fu lly  annealed condition, 
except f o r  these spaaiaass employed in  &ge*h&?a®nimg w p o r i *  
» ft t%  ©here IB# sj»teriaXa wore subjected to epeelel tre a t*  
mentt os deeerihed Is ^ m t im  10#
th e  methods employed f o r  th e  a n a ly tes  o f  tfe*»3 a lloy%  
as w e ll i s  t l i t  .methods used in  th e  aoa lye la  o f  the o r ig in a l 
Coppert a re  s ta te d  in* f u l l  in  *e?pemdicaa X and 8* fccius in
fa c t  theproeedures advocated in  Johntae** *wimad&rd x&thoda
o f iietcXXursleal &jseiyala% The complete resu lts  fo r eaoh
the fallowing table contains the analyses s@cured from the alloys 
descriptions of the methods used being given In Appendices X ar
Specification
Hi alts X absent
Hicltsl 0*1 par cent* 
n ic k e l 0*2 pe r ca n t*  
SUckel 0*3  per mm t *  
f i ie k s l 0 *3  p e r ca n t*
(B) XiQirOxygen Series* 
H lc k s l Absent 
B ic k e l 0*1  p a r cen t* 
Hickel 0*3 per sent* 
M s k e l 0*3  per cen t* 
nickel 0*5 per cent*
flffisn Oxygen Hicks!
Ifo • & /I
a 0 *105 
0*105
n il
3 0 *065 
0*06?
0*107
5 0*057 0*204
0*057 0*204
a 0*064 0*303
0*083 0*302
i i 0*073 0*508
0*071 0*507
1 0*025
0*025
n il
2 0 *0 2 9
0*027
0*106
7 0*035 0*204
0*023 0 • 2o 4
9 0*021 y *3u 3
0 *023 0*303
ID 0*015 0*508
Iran
t
lead tin
/*
0.0043 0*0021 trace
0-0040 0*0022 trace
0.0038 0 *0 "14 trace
C .3 33 0*0 15 trace
0 .0033 0*0013 trace
0*0045 0 *U w 33 trace
0 *0042 0 *0033 trao e
0*0037 0 *0014 trace
0*0042 0*0j14 trace
0 *0033 0 *0... 13 trace
Additional Copper safaris 4 0*035 0*005 0*0042 0*0011 0*0005
O 5'4 
*UMn
0 # th e  3Uboy« p re p a re d  p ii fo a  I s  ilia  i€hX@#
!$*<< k'i* Vli 0a,l^ J.«:PI i#y& * 'i** «
I I  w i l l  bo 0 b # ^ r¥ ta . t h a t  iiio  m n u n t s  show
m m U ^ a l l t  tarl^tloas# lor im'tood®* tfe&t of Ilia nxygea- 
h e a rin g  m im lloyed 0®pj>€p o*X36 p m m t& *9 ? & llo  th a t o f
11# puro esttioin copper after o ttfias s&o <m attr&s® of Q*t£0 
<*p&rt fross t l i#  d ^ & e i* ^ & o r is 0  o l lo y  m u ta ia ln a  
o*i peroo&t of «&e&el# m m lft upmlmn m*Z§ tho oifc^a 
rolu^o o f  t&© re ls is$  o«?@#a^©iirima alloys iio  feotvoon 
the- lim ttt §#o#S 0#&§d p%mmt* In prep&r lm  tho
&$mimm thm »te hod beta to soeuro*. i f  possible* & 
mat fora mnt$nt of about u#o?o poraont* t&rouchout tfco 
oho l& s t f i n *  t>u£ We&uso coatroX o f oxysoa obsorptloo 
fp ® 0  £h# e l f  f iu r irs g  m s l t i n s  1& by no m -^a s  &ad.f because
sapreorer its® us® of deo&i dinars such e# phosphorus or ©ilia®a 
could not b# reooreod to* the aoalyrea suy hs r&eard®a an 
reasonably ©at is fa c to ry *
I t  w&9 s i t  o f  oatir&t $o$slbl® to  fo re te l l  whatlier th is  
r& r i& t to a  i & orygoa contest isould In  &ay usy render 
Cioaparisans la p o a s lb i* *  these $u6&tlo&9 &»?« thus been 
re se rro d  fo r  disem&elaa i s  eubseiuest chapters mliora the 
r e s u lts  are considered in  d e to ll«
to .
fnfffoduot lent#,
caverol mtteoaa- tmire from 11 m  to tlo* bmn odranaed 
for the aet*r$ liii» tid&  of Ilia thermal conductivity of to ta ls  
and m ^ T lf  e l l  those a tta in in g  a m usurable accuracy are
bastil upon the e,uard flag  jpptfialpla* ihe practice Involved 
i t  su ffic ien tly  TOll^lsmwn to naed so detailed description 
here# teat in b rie f the %pmlma under teat ooaaiata of a 
met&X rod  o r  w ire  beeted a t one sad and cooled a t i t s  
o p p e e tt*  ©a;11 the- th a ie  teeing surrounded by a tao ta i tutea 
of ctomreaiimf di&oettr* tMoli i s  legged both Inside the 
o u ts id e  r i t h  m a te r ia l o f  low tteer&al c o n d u c t iv ity  to  
a in lm ito  ! m % losses#
In  euteeo;U0at lae&ifte&uo&a o f  the above apparatus ■ 
a mssteer of refinements have teeon incorporated# for 
example* aebofield#(4©} rcooxxnded the use o f a double- 
ended cpo e im a * th e  he a te r teciae es&ddded la  the m iddle# 
KMi© th is  method la eepefel* a t  yielding reasonably 
eeeurete re su ite  fo r  most purposes f  I t  suffer® the d ie - 
th a t tho epeotaena uM sr te a t m a t tea o f  aa 
Inconvenient length# fu rtte trm ro#  i t  provides determ la- 
at ions teased upon on ly  one ca lcu la tio n  o f  heat f io r *  
namely# th a t o f heat Input to the specimen# $o«f in  the
guard r t m  app*?ata» fo r  m m u r in g  i M r m l  e o M u e tfc r ity *  
the method o f measuring h m t in flo w  la  undoubtedly 
o hi© o f y ie ld in g  more ex&et re m its  than th a t of 
m m u r im  b m t  o u tf lo w  W  m &m  o f  a m lm im to r 9
sa mpl&j®& W  BoimMmn {11}$ C*>3* Xmith by
G r i f f i t h s  ana tc h o f ie ld  {§©)* to  ensure th is * . h m m o r$
i t  In  im p e ra tive  that. © c rt& ln  fux^mmnuil eond i t  io ns  bo
aM  fu r t t ^ r g ^ r o  m ainta ined d u rin g  t x p e r is m ia l  
M l^ rm irM io m *  in  ttm  f i r s t  pXaoc* i t  la  e& sea tl& l 
th a t • th® whole of th e  k m i  ted I s  tbs h e a tin g  © a ll
fee tra n s fe r re d  to  the  epeol&e&t a c o n d it io n  cm b  m se  
d i f f i c u l t  to  m t i §t*y th m  th a t a l l  the h m t t im in g  to 
th e  e o u le r ©M o f  the Bpmirmn ha o& true led  fey water f le e *  
lag  th ro u  1i the o & l^ r la a te r *  IM a  d i f f i c u l t y  m $ bo o m r*  
m m  fey. ®ln&tm ' th® h e a te r d i r e c t ! y  upon the apeolme&t o r*  
a l te r n a t iv e ly *  as la  S c h o fie ld *a  upp&rntua* fey embedding 
the c o i l  ©am pleteiy i&eld©  i t *
*  e o & d itlo a  to  be fu lf iX X td  la  th a t e^aa
asausiac th a t  the  su&rd r in g  be m ainta ined a t the $anio 
tamper a tt ire  as the apeoiDen a t  each ©ad* i t  doe© not 
m m m & rtl* / fo llow  th a t the  tem perature w i l l  ho the sumo 
a t t i l l  o th e r  ©0 re s p o n d in g  p o in ts * in  sacmt dooig.no o f 
apparatus a £ ire*&® gri©  d iffe re n c e  in  temperature feetso©n 
gu&rd r in g  end apoolfaea a t ©ay p o in t would in tro d u ce  u 
oom il^roh lo  tra n s fe re n ce  o f  heat lo c a l ly  area I t  a f a i r l y
t l i i ok la ye r o f  in s u la tio n  be proviUdd*
I t  ha© feena u? l f asr® j^ tr t ie u ia r iy  by Com in  
the ©ours© o f hi® I n t m t t ^ t l o m  on Iho th e rm l  eo z& uotlilty  
o f m g m o tim  a llo y s * that I t  is 'i& p c ra tir©  to soostruot tfc®
gusrd r in g  o f  m a te r ia l id e n t ic a l w ith  tfm t o f the ayoulmo 
under ■ ©Kcaimitioii* fMti p rac tice * though proT lU iiiu  
ntraatagca* ^ o u ti fedi oonciderabiy to  costs* but the 
©oaditteao they©fey sou&ht may fo r  a l l  p ra c tic a l purposes 
fee a obi wired by m k ia g  the guard r in g  q£ nearly the n^a© 
m t t r i n t  m  t t a  %mt s$o©im#n and 'fey p>o?Ming in addition 
#UBplei3«?ntafy heaters a t is^ o rtaa t i& sitio tu i along i t s  
outer surface* th is  procedure suooewsfully m trm m m  
the  t m  *34 the d i f f ic u l ty  o f ca lcu la tin g  &rrora 
a ris in g  from the use o f d iffe re n t m aterials fo r  guard rin g  
©nd ipsclmctif. na w a ll as reuovins th# omt to & &iai&ua«
in  the o f oalorim fcsro fo r  measuring the heat 
outflow m m vrn l Bomoo& o f e rro r m y a r is e * f i r s t ly *  
the format ion o f slar hubbies sdi this i r  i i^ ^ r **■ tion
■eaueo diaturfess-noos to the uniform flow- of wstsr xauad the 
specimen* » ilm $. a aontro lfed  flow through the calorim eter 
Is  essen tia l * ^ Ith  independent ©o a tro i in  edditioa for the 
■flow of ooolunt through t lm  c:uurd ring cooling c o i l*  m o m  
m.mt also e x is t fo r  o m o r lag tha t each * flow remains 
constant to within the limits o f accuracy o f the other
ma&Qtomat© m rnm m tf*  i t  is  found th a t #ir©a i f
t i l l  ©oaotfc&by o f  How be vug ia tloa* in  Urn
tofpoaf&ttfy© o f  th ®  i n f i m i n s  supply ©auuo d i f f i c u l t i & *  
wSioti *•&&©? i t  m m & tto i to ©ailbr&t© t&© &itt®?m%l&x 
& t m m m l  ti&ftfcro&t of its
©oolw Jo&otioaft# ttmm &&&£©$$ 0? ortor ©$£* be ©ftNuateiy 
© o w io t td  by lb© um  o f  & ooaatoat loir© l  t& t& # p^fefer&biy 
#@d m i  a mtih U f f . ; '*  ^ o m m  tmm & l*aed ©t a IcmJU
i t  I t  m tim oM ,®  %M% nh©a ©&loai©tioas o f boat in flow  
hair# forsjod t&# boel$ of so activity mg*ttraa©su*t ©motors 
sod voitg&tw* te-yo i&yoylasMy boea awed doopito iboir 
rsi&tiir© inaeoiaysay* Wher© doiowinetlo&s o f ns
h ig h  o rd o r o f  ©eougitoy cure not bo iaa uM ertanea ,
thi# proottar# ii m doobt tfetl#f&ftto?yv but it is noiloe&bl©
©la© th a t «hoF® oeffia©?<a&©afca o f both b©at in flo w  &M hc&t 
outflow M m  In prwfcia© boon md# It is th© ®efc«ur©d out**
flow of bfmt rather thaa tb© aae*ar&& Inflow that la
**la©t*d ©a a. feaala im  ©&l«ulaiii5£ t lm t m l eonduotlylty#
.^ben the hisfee* possible ©aouraoyt Im#©#?* in betat? 
das&ado&t tfc© us© o f  a r m t a y s  oad • v o l t a a to r a  sh o u ld  bo 
d is o o rd a d  a ln o o  i t  i a  th a n  © sw eati& l t o  a s  ©aura b o th  
surreni and yoltaip to  0 @iohMc^ f d©£i*£© of &©©ureey 
than can be obtained ©too the mat mpzmim imtru* 
mm&$ &nd bao*u*9 » aDjrcw©*# fr#<*ttoat c a l i b r a t i o n  of th e s e
tQ i
im t& x s m t®  would be essential* th o m  aiBm w m iom ®  of 
mil vn ltsd ters§ m  ©oil. m  their Mch in it ia l  
mm t and ife# tis© ©coupled In their free neat e&Utor&tio&t 
e&n be m m m m  ee f^leteiy by tha uao of im xp tm im  
£fe$i*t&£&0&# ftos* JLMoe-urtoiow iue to the u$e of 
voltesteftr. m y 1ft eliminated by introducing in parallel 
with tl» Sip© atom hmtm* ie© tt&n&erdiaed reei&tu&eew 
atr&fiaei In s tr if e  with eaetber* their mlu,m being 
ao tsh&mn tM i the laiaut# eurre&t from  the
*fa*etft*& eero&gi tfct tab ller  o f these two reasii tamos 
pro&aee© s f o i l  in  poteati&l that l i e s  «lfcfcln the rung© 
of t ie  seiisuriirs patent l o i t e r  employed far maturing the 
#*m*f* of tfce-imriou© tteg&eedttples embodied in the 
t r  p&rfttue* IM  proper tton a lity  fsustor obtained from- 
their m ilh m t i® ®  tbmm pm i?Idea a meaas for e^leulotiau  
;irttii gre&t mmm-mf the to ta l potential drop m xo m  the 
epeelssen he&ter* In a ©isiiar casimsr the eurrexrt pominp 
through the ©p©fiis»n ht&ter m&y It munwt®& ©eeurfttely by 
t ir in g  & etaslortisod re&isismoe o f suitable raise is  
m r im  with it#
a 6*rt&l& usoyoidoMt error is l&tro&soed in thi* 
eyetea fo r  a proportion o f  th« current g&scing through 
the a s s is e s  heater i i  by«p©$sfc& through the yoii&g© 
measuring circuit#  The re s it tune# Is  this s ir  suit Is  
relation  to  that of the ®pmtmtx fcea-tcr e&s he ohoeos#
km m m r9 ©tub t hot m 'm m  w#u4 percent# of the t o t a l  
%m% s u p p l ie d  t o  tb©  s;;,solem n p m m $  ©way fro m  th e  h o & te r ,
this i s # in fact# the only error inhtrsst in this' method
o f  aaao ttrltts  heat I n f i o i ,  but i t  is  c le a r ly  one th a t tmn 
be contro lled  ani o& Ieu ia te i exactly# The $eoon& g e m t 
&dr&&i&.0© of this mihad is  that a ll  f&&$ttXttaeat* through* 
out the app&rfctus* e&e&pt that of water flow through the- 
eot& ing c & lo r ls o ie r#  &r© made on one in © tru ssn t o n ly , thus 
reluoiBg eo#tt i t  © islnimia*
o. further oouree of error may urine for whleh the 
€tm im  o f iaepiweprlet© tfeerroemplrOft i s  responsible*
f o r  in&%mm$ In  the therm al o o n A u e tlv tty  o f
eopp#r# the introduction of Iron into the specimen an ono 
e ittsea t o f  th #  m m w tim  th&$m®mzplm unst onus© & 
yeriat&se© t o  the flow of he&t along the specimen owing 
to  i t  a ssaoh lottos* thztm X  © o M a o t lr ity *  . In  o& ftts rae a tB  
on iro n  i t s e l f , .  tiowa?fPf  th in  la  so t o b je c tio n a b le , but i t  
ia  c ie & r ly  e s s e n tia l th a t e&eh eeupie bend should bef oo 
far ss practicable* of nearly the easse ©ompositloa ea 
ttm &pm lm n* Sfcae* in  assuring the therm al e o n a u o tir ity  
of eogger alloys the nan of eeppes^onstent^ thortsooauplea 
offers a means of meeting these eritlelaen to a rory large 
e x te n t,  end w ith  sgtoimens o f  fe lnn in lua  ehrosttl^&la-seX 
tbersiooouplea ©re ©uit&bl© for use# At exceptionally high
3-.*' +
%e<S5?c*B'tur&8 * i e*a® a&tal coupi®* oust bo yvplaosd
by those o f  the  p i& s iiis is a -p la tlim  rh o .iiu a  type .
^ r| =■> l i f *  T|*1©^p^0 6 0 t |  '^ 1  0 ,
■,©¥oral ©*thois h&ir© hma um& to r  tbe fixing of 
tte t^aa& tip lts  la ta  t to  te t t  la  m m  lastsinces,
ttosw oa ttp loe  tov© ba*m aafa by b u tt*« M l& p  t to  jtm otioas 
o f tlia  two wlm® M i  m m  i&mrttm- th& aoupi© he&da so 
form i into bolts drilled r ig h t  through tbs iipaoiaos at 
right x a Xes to Its &&i$# la other matbods ated they tor© 
be©& &i >X-' $©:■;•£© 4 into position * &is& a third saettod which 
M e boea adopted mrnmirn of i t m r t lM  the
©9ti$l*a in to .  tm lm  d r i l le d  la  lb© tp€?©i&©&* the  fco&d o f  
©&eh eoupl# belfcg t&sul& ttft from i t o  &p*ola$& by &©&a& o f 
s ssle&rt#
E&dh o f  th«©« ^ t to & s  la t toa©?©?# open to abjootMna# 
f i r s t l y  i t o  |M gsls i o f ttorrojoai*!©© * though p z m lb l f  th© 
s iap loa t prooftdMM* ©emot b® ra ile d  upon to  ja o t lfe  perfeet 
aa&t&srt b*tw©ea the to t  j&ao lloa  &m the *p©ol&©Jw in  apt to 
o f the fo o t tha t ao&Ue* to  lea to ua#at the method o f
d r i l l l& e  r ig h t through the ©$©ci&e& uni inserting  si butt-* 
welded ther^eoup l©  la  open td the; c r it ic is m  th & tt dependiag 
upon. the resistive dieisietera of the hols &sxd the *$©elaft&* 
the ©ontisulty o f the tm t  ogmlmm U  o f  m m  m il?  destroyed, 
to  a groattr o r Im m r  ©jsteat* In  u&l&f; ©peelac©© .
o f  $>^11 e rrors -.o initv&m&x o*»a
e t f i l f  ti&mm m m m m m i l y  la iy *  pmp$rtl®m» u * t l f $
the o f In m l& tim  the ooapl* hma from th® epeelsaa
mmt mm& the. o f $ tmgw&tut® gradient m m m
the iQ M ia tln g  W ii^ti^ l o n inc to  i t s  low costoRttrsp pm tt 
fo r  isse rree t o f  tcoaoraturo t&uo r ts u li~
|p f # cihjaoiloms m$ be ifery la rg e ly  oiraroona by
d r i l l in g  only to  &n€h a $opth tlM t the eoupi* &e*4 Ile a  &t 
t l i t  ®t&«p$int o f- t lie  $»& fey <&©X<Usplae itim  In to
$©eitioat.f  # i ^ s  o f  sst& ism  & la » t© r  tm im  u*©$w
I t  t® ulm  o b ta rftn  th a t in  ml \%mt nm or %m 
tmtmmm  iha fc&iro hmn l®mrt®& into holes tha t
ore o f s«0h d lese le r 00 to on l&r&e
gleoQ Attm ilty in  the $pe©ise&* a high raalaia nee to the flou  
o f hemf batB f intr«wto®tl in  th in  «ay*
■* ^ itis tio rse#
I t  Mm taore t h m  o m t been r e ^ r h e l  that & rotyk  
b&i&ttee ctie#t tetw era &e*t Input *o£ lies! inflow  be 
m n n iT m i® &  i f  the &p$mrntu& la  so Oessteneo that heat 
ironsfe re  a t a l l  poin ts between epeoiiaca &M £u&r<l aro 
ft&lcul&ble* Till# involves d l f f l e u l t l t *  since*
€ *m  i f  m ? p lm m t® r?  heelers p iw M e i fo r  oo&trolll&g  
the c-ar4. ring# the temperature greXieni between measured 
positions i t  not e t r lo t ly  11near« xrorided* feowever* iM t
oorr0.0pooling poeitlone throughout the &yp&rcitte are main* 
twined a t the see* temper#ture to w ith in  rmzomhl? 0X0 m
31! #
lim its * .  the * r 1 r i& s  tu&l e&n b© &a
th a t tlici e^Xouloted £slns sul loss.es o f feeot ©§n©$x an@ 
another* thus g lflixs  w a & io tlT lty  resu lts  ubioh are 
■aoQuroto as ! eaiasorioiii to  Hi this. a v©sy ©sail ooloul&bi© 
e rro r* to  ftofcl«rt« t i l ls *  i t  is  aeoessary. to isou&ur© net 
only, ttie X o isru l h m t t l m  b@t«*e$a gu&rd ri&& oM spooiissn* 
bu t to  o o rre o t the aeoaomd In f lo w  aria o u tflo w  by e a lo u la tld a  
o f  tfio l&tsr&l and oarlal transfers at the hot eMf and by 
©osputstiaa o f  th« l& tsr& l flaw  a t tha eold oM o f the 
spoeiaeii* IH I I#  t i l l  IS Is  stated to  b# possible with oe-ttaia 
o f  th e  apparatus developed* I t  t$ observed la  one p& rtiouXar 
inst&noe that the ooaduotlvlt? calculotioas published huve 
been tma#i upon carreotea outflow measurements only* end 
th a t tin* aaleulwted hoot Input d iffe rs  by m r®  then 24 
poroeat* from the eorreated outflow * ^urthormor** whiis 
eoreeoUona fo r  outflow  o f heat *«ro made in  that iu&tuoc© 
i t  is  lopoeoifel# from, the data provided to  ©ortwfc the 
measured hoot i  of low fo r  losses fro& tho o,.Salmon boater #
I t  is  now desired to  describe an apparatus which has
beca dcfttlopod to  provide tfeerm l ©oaduftttrltjr BsasurccKfcats
o f ea aoour&oy not la$u ihoa 0*15 porooat* ah llo  th is  w&a 
the decree o f  uooupsoy &ou£ih& la  dovoiopios th is  tootbod* 
a ItfTi-B msber of aoastir©fiM*ata of a isuoh blshtr ooourooy
APPARATUS, f o r  THERMAL
CONDUCTIVITY MEASUREMENT
D.C.
H A2
N-10
Hai
SCALE
ONE QUARTER  
FULL S I Z E .
ms
33,
h m ®  Indeed M o n  M s *  an the  ts&aples ...smed i l l !  
U lg fttre te #
rtm t e s te r ,  ! ls ,  o f  r ig  X, oo&aUts o f  &
of I la&rlo&i copper former of eonreaient dimensions, being 
In  t& i prttseal instance 9 in *  long fef f  la# outside
dia*99t o r # upon which Is nou&d *  hoo te r eo U  o f  consteaten
wire o f S8 SfW#c# Ttiia heater ooil la insulated froa 
the copper former by means of I l l s  msteitos p&por coated 
sitli a wanh of tW 'lm aM o  eenent# the- forma? la threaded 
ia le ta a lif  for o length of I inch and tho specimen, t ,  la 
threaded to correspond, the two m l lug thread® being m 
m i m  to proTii# & light f it  and good jnefcsllle eoat&ot# 
.After s t io s i l f t  the heater is  fined firmly t© the specimen 
by a^ at of a suitable JU>elt mi* The colorimeter emplo/ed 
for €>xfraetlng the heat noting through ib® %p®oimn is
e e s e a t ie i l /  th e  naiae m  th a t described by 0#:;:#
fftith (loo,nit#I consist® of a e y lia & rle a l hod/ of
h ig h  e o n & u e t ir ity  eopp®* la  the bore of which la  out m  
aanulo® so th a t  th® w ater flow s ©ouster to tho Olreetioa 
o f  heat flow i n  the speeinen# «ttaeh&d to  th is  ere two 
e loead copper tubes i s  which the d if fe re n t ia l  thermocouple*, 
w $ ia Inserted, and ta iraao®  ana e * i t  tubes fo r  the water 
ore  p rov ided  oXbo, as i l lu s t r a te d *  th e  ca lo rim e te r is  
r ig id ly  fixed la a thlo& o lro o ls r plat® of ebonite which 
thus forma as ena cap ib r  the guard r in g  tube*
th® gueara r t e i  c o m it t®  o f  a tube o f  h ig h  con* 
d u o t lv lt7  •*  3  in* in tern a l dtaaotor by M ©*%£*,
o s  vAlrih « s  ® m i  the main rin g  h ta ils g  cott*  at?* and the 
two su b sid iary  h ea ter s , Sax §M. I f !*  TM guard ring I® 
d r i l le d  la  appropriate posiHoiiA #o i tu t  the theraoouplsa  
E#§* 8 * § , fesi 10 f  pass through to the opposite
to  % Mm  thm oeoupXes ©re t r i l l e d  thrc® raadl holes is  
tha gaw d  r in g | th e  thsygm ctt^a* Hot* i*  3 ,  *aa 4 , bolus 
pegged th e re  in i©  p o s it io n #  f h « *  h a w o r ,  tb s  te a ^e rc tu rs  
of the guard ring dote sot rcooh the saftsai&e testyerotura 
o f © eli#rt these three guard w tm  tM z m o m p lm  m®$ bo 
soldered to  tbs tube*
to  proyid® mmm  o f  co n tro lling  the tes&esftiure 
gradient ©f -the |p«r€ ? la$  «i «a t0r*K*o©lia& s o i l  i s  soldered  
to  th e  tubs# for th is  purpose#. 4  % ln*bo?e copper tub® 
to  b® wound os In  f ir s t  cleaned end tim ed  eiteraeliy#
Uta- fuerd r in g  tubs %m  sis©  ©leaned am  tinned' sim ilarly#  
Then a t  a s  appropriate d ie t suae from one end o f  the 
guard r in g  tab# end ©egryeiposdisg to the ©stied&rd cad o f  
the esIoyXsaetsr i s : fixed a stout eoppr clip# The ta il  
o f t i le  clip  is  drilled atsd mwwm m a of anchoring 
the oooU&s oe.U to  the guard ring, i&loh I t  drilled  to 
correspond* The tub© i s  then wound round the guard r in g  
tuba end a eeooaS elij> I s  $ * v rX & tA  to fa a iea  «»® **>
togpthftr# ■ tbB Im m lf  m ilm  U  %h m  &m m  tig h tly  
ft&al&ot the guard wlm and looked into poaiUon# the
asiieiMy I t  tts«  heated la  & blowpipe flam©, solder is  
applied  to  ©as n M  and la  allowed to ran (te n  the round tha
c o llt#  the m m s& A f being to ld  v« rtlo « U y  fo r th is  purpose#
£-uitloicg!t solder la  applied to  e*tabXi&ii eoataot between 
the two tubas at all point©# finally# the end# o f  %tm | la#  
her® tub® are ,011m off to appropriate lea&ths to provide
m  islet and an ou tle t for the oooling water#
Tm mlm. guard ring heater# Hr# o©nsiat« of !0*gaugo 
comtmt&m Mlm mmM uniformly upon 0  c o w r ie  o f **ba«t©3 
puptr* aisd I t  i t  ooiipletely embedded la  iwis&ol&ft ©ament# 
b®V © d#aigfttd that o$e cad ©om* opposite to the end 
of the agoolaaa heater# Enf whta aatomeled# *«a i t  is  
mmm&tj in ©per&tiiia tliia apparatus to Aeour* ©uual 
ttmp^rsturas# or tempir^furta aa m arly Od.mi m possible# 
at the ■»!& guard tint fc*at«?* Hr# &M the Apeal&aa 
hooter# Ms# a tel® is  d rilled  In  tha guard ring heater for . 
t ho im m tlm  ®f a thermocouple* which la  pegged Into 
position# Thi® therssooouplo i« erectly opposite tha 
luaotioa of the them>oouplo# la* S#iooorte4 axially in . . 
the end of tha m-mimn* fo render the la te ra l hmt lomm 
from, the upeeiison te s te r  &eeur*toly calculable a eo4>per 
p la te , is# la  p tw i io i 't t  a matured diat&aoe of 3 ©mo#
fr©;& the free end of the igeoigan heater and coat act with
the gpari r im  turn Is m&e ia gfcu in&taAoe he either 
e l l i r e r  £0 Xderi&£ o r  s o r te r  fcrostae* *-* utsaiX tool# i t  d r i l le d  
in  t i l t  px$ t«  t m  ttm  o f  *  %mw8mmpt®$ m *  ? t
*h lo h  i t  a ls a  $e&s*a In to  p o s it io n #  &nd fo r  ease In  
a&oe^XXms ond ii^^feHlilag the % A r&iu$ the e&styeX .pox?lion 
I#  designed to  n a g i i i i#
®-Mif the la te r a l  .f lo *  o r  hoot from the sp e lean  ; 
k m ie r  to  the p U M  mm b® readily o&leulated &emJUi& the 
dis^&siossi of tli# aj^emfms the teaporstapoo. rooordod 
by t im S $  i *  ?* I t  is  aooeidered esseaU&i
to  r^d u e o - t h is  X&ter&X heat fXosi to  & & i& l& ia * s h i*  is  
eeMowed by ©sttnilng the guard r im  hooter# Hr* tseyand - 
the  p l& te  00- th a t  th e  heat the n  eon&ueted to  %U $  p la te  
ra l l ie s  its .  te ^ ® r& tu re  m m  e l& m ly  to  th a t o f  the speoloea 
@ai gti&ri rlns* wen after f&&hih$ these provisions# and 
m m  a lthough  th e  ftpporfttti* In  1~ 0 % throughout w ith  
■f|X*o*CeX sawder, o r o ther su itab le  iasuXfctla& o a terla l#  I t  
I t  found in  p ra tt le #  th a t the p la t#  teoporaturo Is  nearly  
always lower then th a t of either the guard rim muter cr 
th a t o f the 3peel&en heater* Ihe oaleoX&ted la te ra l  
M a t Xos# from the «peeta$& heater Is *  however# & nesli& ih le  
proportion of the to ta l. heat flow in to  tm  ftpeei&*&9 helm 
In f e s t  a l*eya  l e t s  than 0 *m fS pe»£& t o f  th is  flow*
In  de tc rrX a & tio as  o f  th e  therm al e e n d u e tiv lty  o f  the 
two s e rie n  o f  0 0 pper*®&the! a llo y s  under diseiD sion# copper*
Csm t&ntm  thm m Q m gim  tor# bmn. fau^a auH&tao* z& 
praise#  it  l i  ala# t!mt vis*® of M  c#w*g* arc
convenient for of •$ ia* di&&ot#r or o?or* #»&
th a t  I II#  m upM  hm& m&  to  ground io ta  'to ja $ t  tu lo o  the 
e ix m lm  o f esc!* wu* for inaartlosk into drilled tola# of 
rn ; l 't ja ;t  d lf t f ie te r  0*0  m*&*t thus p ro v id in g  a t ig h t ' f i t  even 
tofor# -• s&aute sim?im of solder only is then
noaiai to g if#  proper eont&ct b®tm m  &p3Z%mn $M ttorso- 
coupIf head*
elre&dy ^troisiiei %  rro f* Bauson (5)* o ficst- of 
hont m y  m m x  wmkm ■ecrtoIn conditions between th e  guard 
rim  cooling; doll #M ito  tlos oslnylm ter* line# the
*90itt& o f  heat to to  etoortod fey tho ring; ©oiling Poll 
Is very qm<& grsnitit t t o  that to ho 6b*$rfe$& fey tto  ^otor 
flowing thmmti tto  oaioriiaeier# o. ooqput&t loo o f this  
la te ra l  fiotr m  t ho mat# for a l l  practical purposes# 
it Is m ii% ® im %  to tm & m  tfc* tr roturo of the outer 
^m erg iM  froaa. t t o  guaM  r i m  o o o lla s  o o i l  to  o*l®c*# oM  
ha»#  feafor® running to watt# th is  oatesr «a» ©ad* to flo* 
through & Xeemd hot t ic  pl&ecd on top of %Um &pp&r&tus* 
ae4 containing «. thwnsmctar#
f t  T in  '• * • -:%m tmhWw* 1W -viMm 'H’jMsw#?
fh c  a i r in g  ay®to© fo r  c o n tro l o f  th is  apparatus
, ' b bc' -
now reo a iir#  «$£!£ a t te n t io n  i t  in co rpo ra te s  osy^or %-s
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AUgram  reproduced te  n%* g # ® D,C* o s la *  u m ^ l^  in  fe4 
it iro u  *» n €mMs*»!pst^ *wlt%h$ f  * tti® U n t-o r  t&a
*y-t -r betas h rn rn m i®  m$%% y & tm t t&1* Tb» positlv* lie©
i» 4iir.!4ea t* prorift* t m  in m m n m m t^  m m m U M &  oircmlta# 
o m  p t t m l t  m m m lB  t&» msiu&ry be$to?«» m i  m & £&ft 
p f  %M m%£& * i ' &7 no^ra of tfiii B e l K & $
r o is p t e i l f t t l f  # fc lv w  being, in  per& llnX  with &no
m m th m * *ad Hit m m n $  oipoult p ro*lift ©o&trolXeA warreot 
to tmtli tb$ speMmma hm%m$ S% &&& t&© piard ring hf&ior* 
HP|. $$ntmXle4 1*7 tbt r&&i®iua$e Bsuuid Br#
To -®sismTt H i# i n f  lo o  to  t&e ©pooimsm, b e a te r, &
o f  0 # I ota$ I k nira-4 in  $ ^ r i t s  « E h  
tlla faster* &n4 for Hit foitsio &m%m re#iatoj*oe*
of iipoo otea nnd lot ©to ero ln»«rt«4 in p&rsllol with tts 
6pft&mQ tot#rf e# iltestratedU 101* operating t&? a^ rato* 
at u I m  tm p tm % & r®  t %w &$ &» '£&* im tu m ®  up to loo0©#, it 
Is fmmi of aiTamtHfB to tirrpsig® of £4 rolta
in position B #f th# m i t lm  $&&&&€$ th®  m om&X&-t&& feeia* 
a&ny^&A from rs.alu® at & rots sllglitXi' blfj&or tb%& tfm  
Qp:-:.h%m$ fate of dianh&ro* %hrmc% ib© «j*0iaftsi looter 
end t l m  h m t$ t*
tm orfttsy tb»t itxe m tM U m M  p r n m i l lm  in «n/ 
aorios- of &* t orola&tios& $aa bo rop#&te4 suhKK^ u&atly § it  
it uaottsai^ f to sca&urb ©urrw&t f l® w im  t&rottdb ©XX 
boating oirouits# ;&©oar&iasiy* t&? s a ^  ring boater aod
the im  auxiliary arm through «
m p  aeltoh#. M#* to ggoridei r^adlnse && 6ea&*ftd W m&m
o f the mamim* *■>* ^tont mmm®tors o f  eopper w ire 
fcateeea appropriate cmpa en&ura easo ani r&piditf in  _ 
msMag these mmmmmnt®* co n tro l tm? %h®
min. t Ip  h ts tm  iu © j t  toed fcy e&rboa filcm sa t lmg&9 a# 
ntre4 la  parallel-eith oiio another*. -ULtera t^tro wltir^ 
are p © » iM e t but th e  above scheme is  o f  
odvfeatage i s  p r o f i t in g  rnm m m j o f  w £ & ra i fo r  m ia to la l& -&  
the* i- f fo m f i ia  fo r  lo n g  f  mloX® e ; i¥ «  ta a p s r& tire
m ® m *
a i r f b t r  SotaiXa m  to  dicratsJUms sasy be & ivea is  
addition lo those al»®4 ;r mnfctaaM# Over the loogth 
of the epeoirso© the coop!©® are ap&oe& at a soribaa 4 l«t&ao* 
of 13 oss# apart.* a&l at IM inflow the hotter la at 
th e  ea&e &ist&&ao fr©& thermocouple Mo# 10# f ta a *  alXoaiag 
for the threaded portion of the epeolm&n end for I ts  &&l&Xiy 
d r i l l e d  tmm&t no* 0 th erraoooup l*  i e  d i s t a n t  Xs*0 ossa# 
fr^ss therooeouple bo#10# Bo# 6 thermocouple
i a  d i a t a n t  lf t» e  e^e#  from  bio* 4  t h o n ^ ^ > o p i e t w h ile  $©e#
4* 3* and 8 t .&re e jaactlf opposite Bos# 13* 9 t and 0 
r e a p e e t lw e ly #  •*«« a farther 8  ei&a# of threaded a p e e lo e n  
Is en&oaed by the e c u a te r f lo w  ©aXorimeie-r* the total le&ctfc
•o i eoofi Bp00imm l& tlm overall lo&eth of tm
& r i l ls  i s  7a am*
fte  outer m m  m m l&t®  of «he«t ixos 9 la*
« ® *}  la  Clone?si* h f  0 -* roJla&teXy S3 Is * fsa sms} X«&£th» 
hoiBgi m$M fmm  ta m rn ^ m t& ti& l*  i t s  eo&i art 0X0004 
fej* ticJstXf f i t t l a s  l id s  o f  the $mm m a terie l* tho lower 
114 oaryylns/ ® trip od  upon ©hieh the during
m m r lm n tu X  us a* the doimterfiow e&xoriaeter uppers
©ost* at» I l lu s tra te d  In  I l f *  3# devices fo r e&ntrlag the 
gusrd ring tuho ara a ito  loeprporuted* Xfeo Internal 
insulators for the e m s iit  I eo&* are of X/Sth ln#»bo?e 
thi.elt*»»lXe4 i^r@ic iXasg tuheo*
la  order that agcurute iie&suresmts of T©Xto&e and 
of ourreat is  the uptolsiaa hester ho mao* i t  is  
aooe.»«er^  to sios&&r4Sso the S3 *Qy0«*ota ana X0§*ata 
rmiBtmmm essployod for m^urimg the v o ltes#  &3
the 0-*X«*Qto m& t^&n&grd tm l& tm m  uhich Is imertesl la  
a t r l t a  © ith  the  epeolmeii h ta to r  t o  rse^auro th e  ampcxags# 
to r  th is  p arp o if* & Sjo standard rests tsmee &»& the 
rm u tm ® ®  under $ m lm t im  art «*i*4o&o& la m r im  am & 
email #fe&c!f « r m t  from am aam m il&tor Is  passed th re s h  
th«&t the v&lufe of th is aurremt heine: aomt rolled I f  &• - 
$ubdl?l&e4 ©o$o!im ro&lsrtsme© so that the m&i&irad drop in 
.potentia l aeroas the onfsmo^ m real&t&moe l ia s  © itM a  the
F ig . 3«
rsiage o f  th o  mmmim po to& t t o a s t e r *  it® e l r o u l t
la  la  V m  ia e  flga^o*
fti© m m lt%  f r o a  tlm  e -a ira rs u lm  *?f t2
§3*003 o l s r r e a io t a w  sure O e lo it**
jmwwiWIW*#«»WM» *i*^ -'*M*««|iPli|W*rtMW5»W»>- N»«».M!H>>»Hl>, fWjIWilUB 1. W»lw^*-«*w»llf<»l MWWnM •<
fto a d a rd  P.o#i£t&si89 Valua 
C o n tro l o to
U’tmm* Otoit* f-#0*
•0 *§ m®0 fmm* 1&«940 it*¥* 10 ,000*1  e#?l5' ia*¥* i9*3??*
o * f  *  1 4 *3 0 3  *  i o f ckk>*x t u r w  #
l a  m s la d l* *  m a n e r*  tfeo la u ^o lia  s o i l  nos i? u M  to  
tiftf#  a v& luo o f  99*943 O&ean SM itm  O*l»oh;0 
ipq&1$ %&m% & T®Xtt# of 0*9t§94 s$m at m & im s f  room 
tw para tu tr® #
from  thm f# # lo ta f is t  ?oXue# tlsu^ found o fa c to r  fo r  
tiio eosrerslo ft o f  BllttTOXtft re-saina to  a  rressoadlng  
m lt& m  drop onto#* t&& ipatem ms <K&ttii*ted9 tiaia *«*
48 «
v-tm® tli# vmMp o f tempew^tmm im o lm x  is  tk®m  
mmmz^miTit® la y  b^titooa. 40°C* #.£& 354%** t&3 tiiex®** 
oaopl## wtrs -ttaai^r4la#i at tfea fyeasiag poist o f par# 
t i n '  Simsi o f  f9*9§ p u r ity )*  Is. ■
utoam &t &t30*i&a?iQ fW isa f# *  *a o ii& itloa& l potafc m& 
z»Xm Is  toms o f  the o s l i t e s i ia i i i  fej iaaofg lon Is
as olXWfc&th thorao©t&t o l m i  % B to ta l©  tfcomaisoteip held 
at 85#^w°c# Is  a l l  ooXlta&tlom th® ^ 2 4  jaa©tloa& m m  
at 0°c* fey. t o t r t ia g  tftem Is  & ni&tare of oru&s^d 
loa uf&tor ooist&Xaod Is  a flaafc o f  suit&blo also#
f M t  1rmmrnmz t lm 4  potato fo r  th@ o s leu la tioa  o f t&c 
■thsrmmupXB mmiMBis m m r ilm  to t&s m m tJoa*
» a *• b * t  +* o * tw#
iJS^r
Hysaeogaa ^eaorataa Is  a n i f f 1 a app&r&tuo trm . arsosio* 
fr&o &i&a &&4 feydgooblorio to l l !  m s p a r if io d  by pm^im  
th tv x  h a parity!tig o' i  1 eoaaioU'** . f  rat-tr&tttl pot&solua 
p e aoXatlon t#  reborn fcydroo t&ea throu^ft
t$o o p t io n  tx> ttl*o  ooatol&tas t  ptrooat * e ilv o r  u lt ra to  
.solution ta sdbfcorb &rsonlo asa jt^sptiara# eos$euo&4i &&X 
f is s llp  t&rau?fh fros&Xy pr#psr©4 o&ro&oua oblorid# to remf®  
tm & m  o f  ot&gm* tter? was then p&rtte lly  6rlo& by 
pm®lug throng  eaielum c h lo r ic *  asd dri^X f in a lly  by
F r e e z i n g  P o i n t
C A L I B R A T I O N S .
*
S c a l e , O / s/ e  H h l f . ow/fvw ev
9 *T* 4fnnFjQp79t9.
pm m im  gfooapSumw d o tte d ’ on to  £lm& ®ml«
Hie S&irlfXtd «an thm . i©4 into n i:fr#s
gist© tuba amt&lslng t&u m lin a  t in  is  # .refractory 
orunibla* a 4 ^ *^  n bain/. unat! for eao& b&llbrntioa#
lleaiim s ®&& m t t M  out In  a f&rtio&l e lo o tr ia  fu rnasa s u ita b ly  
1 - "-ad* tba r i d in g s  beis/j raoardtcTetery alnuto
# y r l'i  thM  in it ia l *t«$** o f  n a o iin s  and t t o  m r x  tialf <*
s lm tn  ifben. pisiiai? ttim aiii tho &omim:; po in t*  to prevent 
sBrfttstitm  t e r ia g  cooling, t&® a & lt  ana Th© r e s u lts
awe* fotiiii to bo o0a&i$t#£t to 0#i percent#* and la view of 
tht 4©oir«4 eooasr&ey la t&o final •eaMuot.lftty ittarialnatlorn 
till# mu© tli® sismlmiss toltr&aeo aoo@gtecl* In mar ealibratloi^:, 
liow vtr*  m M iJier o t  m n r n t ^ j  m m  ©©eureci.
m tba fmmtee mxployal is  ihe&e o&lltautfcm* was of 
owns traction* o f i t  a m y be Included*
lig* 4 sliona O i^rai^tie& lly %tm app&r&too u@©4 It ta 
oft&o&ttally t&o n^ui.1 tjpt of v e r t i^ c l t c t r lo  furnsoo* 
ocml sties  o f o tube of fuswft eUloo of Internal I ia » te r  
3  la*  m i  m li~tM eJmweo |  in* atan&iRg u p s  an .in&ui&tins 
base* X# Ufon tMa tuba m s mm& o nlobifossa beaUas coll 
In  furifMohon f ife  oo$eat* 5* ibo wires# a* pg^sinc 
out o f tius m ta i oaio* O* through wuitftfeXn lfiftuXntorat 1# 
sa fu r th e r  m ip fo r t  fa r  tbw fo rn o o t*  the  rcaow&Mo l i d  was 
«*16$*«4 to tlie bat tea* at ft# fiie opaoe batteta t&a eoil 
forsier aM Ilia onto* was® **© f i l le d  a&X r&n&ed with  i/sul-ati n®
44*
pCWd**# § f o f  4 m ix tu re  o f  *;;ilX*©;*^el**
and s a fa tti^ fe e B a s l0 0 * ' flie  fop o f  tfc# apparatus w&m
f I sl&XIj  & itb  m  board m t  to  t i t  t le h i ly
tn& t i m l f  info po&itioo#
f& s  a f te r  §m % tg im  in  %M m m m
pm w m m ty & :m rlb t& 9. m& Im l In to  th® t
tM» tu b # * f t  %s4 ©fcrted to  41 %pkm$ f l i t  a i r  fa  ib e
isfao# & tw e  t M  $ # u o lM t| II# eroeibXe i t s e l f
fp m  a. * $ iX ^ ^ le X *  b r le lt#  &&d & f a i r l y
■®X&m f i t  iiM ilit IM i^rta tin?#* i t  %m also
fa r  f fm h m t Im u M tm $  B§ to  bo a f a i r l y  tight f i t  in
th® gX&ao tu b o * i5# b a t I t #  n ts i i r & l iy  d r i l le d  b o lt  a i io w d  
fr$eoo-& o f  is^ remts&t for the thermooupX© p ro te c t io n  tube#
I#  a lso  j&ude o f  f f r a a  glaasi* *oMob p&$ae4 through I t *  
th e  th e rm  couple m m m hlt parsed lo t o  IM s  sbs& ib , ita loh  
s i t  in s e r te d  in  fh#  imp*. H# Js§aoMft®& fra &  n a tu ra l 
the  l a t t t r  h%i&4 o<.»cnted to  th® f f r # x  tube %f m&m  o f  
c t e i  t o r t u r e  a© fe h o m n t ?*
to  est&are th a t tbs  b$&4 ®&a &urrouMed
as t& t m  p o ^ ib io  I s  tb s  m lt m  t lM f I ta  $g!9t*e ti9&  iubo 
m& 6r$$& o u t in  & Bunsen f ls s s  then sa t o f f  m l  m*&®& 
mt ns a p p re c ia te  %$** ib #  ' - is o t  aoadaatlan o f  h©&$ u©aj 
f r o  a th e  t  horssaeoupi© Juno tio i* wm XXBubf to  f i t i & t o  tbo  
aoeuroo? o f  the e a l lb r o t i  tms# th *  *&upXe wm iim m tm l m i l  
In to  the  aoXtoxi t i n *  Even ®o I t  re p e a te d !/ found th a t
iBC } o, I v “laJUBS at*00# tfr%M ‘0O&7GGtlOlt OU£F&Atl
o f  s i r  ia s l& i  t&o p w t te U o a  i i& o t m l  l a  o U s ia a t®  i h l®
&®ura& o f  e r ro r  th& olioottx mm p l% ^ 4  © a tto & ^ a o i 
at i t s  © n feisl' at S#
In  m p X y  t o l i t e i t i m t  uoiiap fM?s apparatus. seeding was 
&4 o$t©& fo r  ttio prc?f0 iitic?a o f  u$&$r®yoll&& at th$ f r e e in g  
fioiat.t fos? istraitieiiif t&o m M  mt t l u $ & fcu&®
of ip ^ i  §i&na* m l &hom. in  th® aiapr ..:::* was :m 4 i&t® 
tti® ©ap &$& m ®  m  m  to  igalia ilio .p&rtiolo o f  t l a
t e r n  to  t t o  &u3?f&o&'of t&$ m it& &  m i o l *  Xa l a t e r  e & ^ r l *
a e o t t# tio w fffw * too l i  n o t i t  r  msei ts lth  f i n m  a g iie t lO B  
o f  t im  m i l  % f m m s  o $  t l ie  i h t t m & m p l®  ®h%&tb & uad  
t f f t s o l i f #  i a  p re te s t i 2S$ mar fu s io n *
. Pm o&libiv tiaus in  ttJ& B^ pooaotar H@tls0d waa
m of tii# ai#oa wIIMb tli© opporato^  
h B lm  to<S froa tfc® ®Grr®$t®a b m m m tm  roodlsigs*
Soiaa a mtho$ oamois to l&toratorls** m  ejpeelal
&mQTlptlQQ  of itppsarate or of t&t prooeilart lm -* lm &  
m a 4 feo fiircm#
i y j m s m s B S * -
To proift4e & fcrtfe&r e a l ite t io a  poi&t la  c*so 
ia o ta tio c^ * s t a s i^ r f lo f t io n  o f  co thermocouple m& ua&er-* 
talaam io m  ogatrollftd t%%rm$t&%le&Xl? at a
TESRMOC OUFLB CALIBRATIONS.
The thermocouple constants calculated from the formula EQ *  a + b
♦  9 •  •
*  *  •  *
:1st Calibration :2nd Calibration :3rd Calibration :4th Calibration  
Couple: 31/5/33 : 16/1/33 i 11/6/53 : 9A1/55
Ho* : s : i
: b c 2 b c 2 b c : b c
1* 39.67E 0.03502
••
2 39.743 0.03474
*•*♦ 40.536 0.051319
♦**•
2. 39.774 0.03450 I 39.871 0.03419 : 40.419 0.032385 #« 40.001 0.034285
3* 2 39.723 0.03449 ♦* 89.912 0.03366 •• 40.425 0.032429 ** 40.278 0.031900
4* 39.723 0 *03442 * 39.837 0.03412 2 40 .462 0.031864 2 40.002 0.033967
5. 39.921 0.03333 •* 39.986 0.03367 2 40.487 0.032016 2 40.052 0.032598
6* 39.723 0.03487 : 39.834 0.03458 . * 40.449 0.031993 : 40.180 0.031877
7* 39.699 0.03508 ** 39.810 0.03442 2 40.446 0.032233 ♦* 40.373 0.030448
8. 39.635 0.03466 %39.895 0.03553 *• 40.451 0.032167 2 39.971 0.032703 :
9. 39.680 0.03480 i 39.784 0.03435 ♦ft 40.468 0.032092 2 40.254 0.031745
10. 39.798 0.03412 t 39.934 0.03553 ftft 40.517 0.031810 •♦ 40.227 0.032071
11. 2 —♦•
••
i
«»«■» mum 2
2
40.436 0.032429 2
2 "
****
«
T B M m m jP V K  G k Z im m m m  t o o n t t t m e d ) «
C ouple
!To*
7th Calibration
0 /10 /34
6 th  C a lib ra t io n  
15/1/35
1 *»«* * mum m» in •m m ——
2 33*623 0.089359 • 53.447 0 *020931 38*273 0*033964 30 *011 0*05
3 32*510 0 *033165 • 38-533 ■0*050021 58*377 0.031395 30.114 0 *05
4 32*513 0.080111 •• 33.694 0*028725 38*295 0 *032300 37.918 0 *05
S 32*557 0 .089753 ♦* 30.633 0 *030019 58*156 0.034038 30.143 0*05
6 32*527 0.089758 ** .35*775 0*030402 38-527 0-033100 57.923 0*05
7 32*564 0 .083796 ♦♦ 30.683 0 *028908 38*450 0 -031955 37.951 0*05
a 32*523 0 .0SO 339 •* 33.558 0 *029481 39*277 0.032333 33-0 44 0*03
9 32*619 0*029712 ** 33.712 0 *028923 38.239 0*033664 37.875 0*05
10 32*567 0 *083673 * 33.594 0*029491 33-363 0-032757 33.102 0*05
11 «*«» «•** » —* — «•*+ tm — -
9 th  C a lib ra t io n  
15/S/35
10 th Calibre
23 /6 /33
.u
4 a *
tecajHsratupfl of £ 5 pi »s ,4 ? siaas ««s
ta%!i topersfcuro balsa m m m ei tceurstalj' by Ilia usfc at
m ».-U liU t  03? $. h-S g $$'&M § hoiS^VOX*^
f t  i'4 C*) ?%» 1-0 itltssli M 'li$ WfcVii #&#&£$ S;i 4a
the oilitt*
>■* ? >< * « ■*< *
It tu t  to  r ® i« t  t&® e& ll*
t?ratt0n& of &1X IM throu^ut tho &?p&r&ttt*
wh®& Im m tlm  & lii* sf#§iiiifi. for ©s&asw&^ &S of i t  a tbesmi 
im M te s t iT lt f *  t h in  utan **&©©$««# no t h a s t t i t t  th m m *  
®mmlm t s M M t  flight taftatioiisi with uao* hut
A lso  t& m nm  th%f %®mm t e i& s
i t # s a a t i i n g  # f  t!i0  ' i t  welt p & rtio o X ir ly
tO- ft 4bftS»80Ug&ft IM S  ouch susta ined
a tte s t!ta ft i rw©Mia@ o f the jussstion# Eoaoo e^ltbr&iioa 
X»*&l&toXy before stef tm# e4opt;M throaehout this mzk* 
iifis^i the foim ia gl?ea m  f*42f th® ft&Xlbr&tloa 
m m tm tB  la  the ®wmpais^i3R0 ta b le  ss s t ob ta ined*
la  stutfiag theft® table® ol&wXy it  « t t l  he that
t h t  oop 'pe^^oaataatoa ®qu#X®« «s$X®gre& ©ss&lMt a o e y ta ia  
«mo&t of f&tiatloa «ith ««*# tto# Jtt*Uf7l&e the prooofiuao 
«6®9ta&# I t  w i l l  ho a s t i o t i  a le e  t h a t  th a t®  6 « * e ro if)« tl0 ft4  
u&dft?t<&&ii hefof® «ftsX# 5th« Its#* $oir® mlaes for th«
®o dh?tea t®  ?in.^ - o f  th is  ®-c»'U&tio£i o f  ®jppj?o<*4^^i®Xjr
4?*
40 0*033 *&u« the oulibrutioa ao& tahu
af W mmib^ Oth*' X§34* &r© canal UaraM;f different# 2Ms 
« *  da© to «t&*tlt*itl$& of *&src&&* bread o f  eupzo<tioboX
f o r  th® $>r®*iau;sXy used* th is , chanc® be lag  gad*
,$© n ttsporai7 co$ftdi' t  pm &ln$  the purohast and d eliver / 
o f  fu rth e r  Qtt&stltlea o f oopntr ©ad *camtantan* «Xro«* £h® 
®eaou& h#toh o f  ctopprr ©nd *3aJ3st&sta&* $ar© ©aXlbratloa
m m  ©XoaeXy opproftdhing, llm  tut ©a the
th©s&&ctiwpl*ft o a lib r tts i InditX&uaXXr * there nm  no 
$ m m n  to  8t$p$$a* that the resu its #tsimlm& w ith  the use of 
«ir® nouM bo ©uy le t s  iiaourate t t t s  those obtained 
with the? uu# # f  *£'®&st&&b*f.a% Xndsed* the thera&X oo&duetiYity 
rotm lti o f #pelm f* So* i*  tm  vfcioh both *taw&&* sM  
^Oowtafltaa* were ^jio^ei* ©shlMted a eoaootdaiioe m i l  
tlililis  ih® ©oouraoF sought In d&ter&Xmtloxia#
It w ill,a lio  b® ®bs®nr®& that ©srtMn lM.ir.i4uM 
re«RaXt© in  & aerioa efco© odo&aloaal u s u m m m  tro a  th« 
tftregr: fe*g* ihepitacoupl® B®*$ o f the sixth  calibration#
This was due t® th# mod for ro«?®XdX&s the «&upx© head altar  
4etMf;e had been &utsfsl®®d topi&g dlsa&otXiBg of the apparatus 
upon eou^Xtti®® of the previous run of exrerlottiU* lo r  
?e&&Qa$ ©hl&h wlXX ha ol^ar later* i t  wu® io^eratire to 
reo&iiferata th is particular couple whe& dsaod® was at u ry  
t lm -  sustained# The »e©4 for reoalibratia® of a if other
feaas®! Ifearisooupie m a t baso»er, m  Im u  iaswetfeat.
,■ "t-r ?i' ' . > rt % . i- *, • .
T»o m m .  o s p lo y M  f o r  t m  m l i b m t i m  o f  tho
differential ther^ ooupioo#
fa  I B f m m ®  o f  e t i i a i c r d t e i  th e rs ^ o o u p io a *
Is  l& Ia  jDnthoi o f  oaUJ&tetloiif two u i t ie  st&aOoraised 
!&** I  & M  §* were e^ lo^ ed* Qoupl® m *  I  
the *0»34* mm, o f t  ho ntimX couple mzm intro-*
itieei lute a- theraoa floeh cotitiilai&s ®ut$r ot the te&ger&turo 
o f  e i i i l b f o i i o n *  t i e  two t&orm ooouplea M i a ,  hound to g e th e r  
to tein& tholf Junctions* eh m m  m  po&aifcle to ana mother# 
Rimllarlff to iiflt fio# § &M iho *hot* ara of the differenti&X 
weft bound togottttf otsi i&troduoed into a aeeoni 
the rm o s  f in a ls  c o n ta in in ';  m i m *  h m t t %  t i m m  M in e
plugged «itb bottom wool to I m n  of ho^ t# farlotlona
in  tho ttiapar&ture o f the *ho t* were offeoied m&Lnz 
hot eat car m ill the repaired difference la teapemure had 
M e n  o b ta in e d  l ia s #  o f t e f  e t& nd iS ri f o r  f i v e  a in u to s !  a 
n m i m  o f  f i v e  r s M is p i  * * »  % ^cp i s  ro t& t io n #  fm o ln g  
the calibration ettiet&ittft of C r^ aouplos nos* i  and 6» 
the tes&erature of Mil "hot* oM ara» of the
d if fe r e n t ia l  thers&oottpie eere th m  eaioulated* i l i a  gs?e 
their difference la t#m*eruturtf the earrasponuing electro* 
o o tiv e  f o r  oo M ing . aessortd  a l$o  on the pot oat lo ca to r#
40*
Tie t m u l t u  M t a eo&fttent aa femwoturo of !5°o.
nr© r©corded la the ooooa|>a.cflng table;*
'V
*.* tr mm k * ©A
0,830/. 14.906, 
0*801. 14.930, 
0 ,002 . M ,9 ? 9 - 
0*602; 14,932'
*&# V *
1*390, 33*93f.. 
:X*S'vX -•■ fNltb&l
©♦sot, ip . w c .
f?! #r**iv# - - l000, M *t0O
f& asera tu re
l i f t  ©reane*
■©.*,s*
X9*393
P#732,
0*0X1
BlfferojitiiUL
couple*
ft
4*SS'IE
a*oos
X ** *W Ate'S
0*¥V’J
(b )  Bf Beetama Tbeiroseter#
i n  aubeirttta&t Bea&maa therjaamoters mere
r?ispX©3red i s  l i e u  o f  et&n& ird i&#4 ttoraeNN>tiple«t the prooa&ise 
being as follcm ts*
The the&aaaetei’ w#r» f irs t  eet si the
tmmmniixt® of es&Xbrctloa of the d iffe re n tia l thermocouple 
fejr i$ 3W&i<m In  ©ater mtkl&lm& in  a thermos flask* .,..% the 
mm. t im  both firm  of the d if fe re n t ia l  oougile «»a ia&orted  
In  iM a  ttsemse fX&sfe aM# a fte r  a i# rio d  o f f if te e n  rn itm rn f 
t h e ^ r c s *  o f th§ therEao^etere and of the d iffe re n tia l 
eoit.->X©$ were f®wt wired# one Beefe^nn thermometer &ix4 the
*11© t** ora o f ifet d iffe re n tia l eouplo were then transferred
9 - w CH,193l .
d i f f e r e n t i a l  c o u p l e
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ft T
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ImTtAl. HSftTW *
Rutukn •
fi£HSATtfiC 0
L'O
3 0
Z o
IS
hQ/ •Q
oS
o ■& /•oo-6 o-TO'S
M  I LL t V O  L T 5 .
0-3O */
°c,
fS f f ^
M * f*
W & tw & som
' ° a .  '
T* ** ** /.Z-mU: • *: *
g .7 .
HTBftwwy; ininir mil i ui n
0.000
1.023
3.B04 
4  .004  
4 .8 7 3
4 .© 30  
3 .0 7 3  
2 .0 4 3  
1 .0 ®  
0.000
0.001
0 .3 8 3£% M ■*%*'}
0 .6 1 1
0 f»O
o * t t i
0 *0 3 ?
0 *§ f3
0#^C#0 *>*>?
#*001
0*300
*4
4:*?9?
4UM5+* nn* *>■*
s*% •****.»
1*153
0*'
4 .0 6 4  
4.60°
0.001 
0 4t033
0.43$
«a
0 .)
0 .3 4 0
0.033
1.017
0*03.0 
0*010 
0*607 
0 *3 H  
0*837 
0*431 
0 *60 3  
0*333
Arrangement o f  Apparatus*
t o  a t h < s r m &  f l m x  m n x & i n l t i u  i s m r *  th a  ts & p e r& tu ro
of -whxm'i m® fedjusltd fej tha addition. o f hot outer and i m** 
o&tor to profM# i&oroao&te' o f i0o* up to a
tra&to&t of &®3« afeovo tae ton^&rottiro- or ti;o ^sold" &ra «Moh 
«  inserted togttbar tith ths other BB m m nn in
t!i# first £l&nl*#
2a# t o l l l r t i i o n  r e s u l t s  m  o h to la o a  & rs  s h o rn  l a  f l i t  
U b l0  O pposite  fo r  a *o a l& v* a t 15® # 17®f  as4 19°C* Those 
o& lihrotloa®  a r t  g itm  also la  gr& fho i fora# i t  m i l l  ho 
observe# that the elope of the tr^ he varied slightly «lth 
ih§ temperature of the •cole* &r% Aioh# la  t&@ thorax 
aoi^ iuotivltj &£p&r&$t*a eerr&spoa&ft to fsri&tions in the 
iesperotur© o f the ' i / s t t r  flcmingr la to  tho eouatcrfl&r 
calorimeter^  hsimg 4# ^  js°c* per millivolt &t l$0£## i*s?a°o# 
m  xt°c«,, *n& 4#d?4?s« for millivolt at i#o*
»^v f y- t ^  ^  ^ |  ^ "I1 ^ ^
E o v in ; 1 o o ^ t s ih l t l  th e  a p p a ra tu s *  I t  w ot $U e e&  l a  
a vert tool pa&itioa hotal&S the oper&tln# tohie* os showa ia 
the aa^ apea^ tag photograph* eat m® #lrM op la accordance 
e ith  the miHm* 61 r&& previously described* the therm* 
eouple eoXO^juitetto&s are r ^ l M # . la  eroshed iee socialise a 
la  tho rem  t lm k®  o f h o lf*p la s  &nd th & ir  leodo &r0
&rr.-'fl;:ed ia  order rouad the ma?#isrr*oup twit oh* ' to th is 
saitoh ore nit a total the leads from ttm  voXt*£e<^&sttrin£
the X&a&s -fraa the o.l^ohm re s is t  mm
usei for 'm tbm ^im  t&o 0urt*@jxt * sM the p m lt im  
fi0ip:tlT€ Xm&M o f  t&* d I ff  wont l&l tlor^eaupXe# the objoot 
of t i i i  arrotttettottt i® is- proirld© ♦ -J jgr -f* iji fr©$uont ®hmk
of t!i# onrront flowing to tho opeoism heater in feooordwoe
nitti a tmtenl<&% WHi&h mgr non la
aftor m l i©hi&£ @a tho apparatus &i about nM
MJuillaa tho flus o f water froa t&o eonstw&^Xwel tank to 
hotlt tin  o&lorka&tw anl snsxa^rtaf coollsa ooii* a m rloa
of umm Mxitb in  tiLlowoi for hemline: up to an ©ppro&tetex^ 
c o a l i t io n *  - §-#rln® ci i  t  s 5? ru tw ®  r o & i i i y  
out thn &&$urutuo is ihca-.tsi&n without oxterstlon of tbe 
feiitiuc ooMitiona# Ulnor &gjtt#t£mt& of th® control
w& then ca&do* t&o result lag <&&&£<>& in t&apoxo-* 
tw o  tfeiwftiomt i&© %paf%teii bel&s followd* aoon us
an $pp$o&l$at* tmlaaoo %Btmm smrd**rXiif m&. h&e
hmn obiais©&#. further minor ndiootsjonta of ourront to iko
w ^tim m  hmtixkQ, eoila wo mdo during m tkm -m m t oyolon of 
iM peruiura record!^®#
a e^oio of operations ©onaista o f  t!i© following j*-
(a) cHa&dw&ie* the potentiometer*
111 E toard  thsf %tm*
{o }  l imn  t&o f*P# m r g m  th$  »ub«et£a&&r4 o * i*o h a  
ro&iat&Gee*
{d} iv lteh  W tkv  m m u t f^ m p  B'witah to tho loo*ote
t hm  v the 1 *0 # i f  isoun* of the
p o iea tiO M te r*
{©) F?©a& the o f the thuraoaouplti in  tfe© guard*
r in g  hea te r#  tm$ §#
I f )  nw itali i f  the mteu#y*oup m l toh to  th® mrro.a t *
faesaurlirs rtM stunoo  tM  reoorA the ro&aine ohserved* 
(g) le t  the ^i©nti©$&t®r to ifm  f*.BrvoX00 corroapoBdiis 
to  tb® required ourre&i through the ©pcclzaen boater# 
{1 } i f  meeeeary* odjrnut th e  carbon rosi&tsna©# Bit* to  
tiring th& poltntteseitr suedls to tt&is
b ring ing  th© current to this desired value*
{II celteh to the heater^ eoiX theri^ eouple (Bo* $} &M 
note t ie  Vila®*-
f j )  B w lio ti la e b  to  the  c u r r e n t r m u t m a e
iQ*J**®fm substandard) Mid adjust# I f  m m m o r^ 9 to  
.the prtdtteniiaod ©arrant value#
( i t }  t m i t m .  t o  t l i t  p la t®  thernoooupX®  Clio# ? )  and n o te  I t s  
®#m*f# value#
f l l  Bwitoh bool to  the  tu rrt.a t^oasuri.ao  resistance# set 
tin# p®tmtioml®$ to the jspcdetersalned current 
value § M | I f  rf#  adjust the beating current
I f  ©Itering the ©arbor* resistance# &«&•
{a.} Bead the ©•&«£# o f  thermocouple Bo*lo#
(a} Measure the *pee:U3e&*&eat©? current and readjust* i f  
found 
Co) Boaa th# e«&«f* of tftestttocmpie iio*4#
ip )  ttm  current ma r m 4 jm t ,
i f  mos&oary#
{<!) !k)&i i h® %m- Ho*9#
t r )  B t itc h  to- th©~ «?CTont*^-&6uriag re * i$ to ro *  atm 
reo&Just tli# current* i t  nmmmrj*
\m ) tit# *»&»£• of thermocouple Bo#5#
I t )  BeMjust the wf#©ia#i>^€mtai?' current* i f  bcocso-* 
n ry *  in  the  m m m t p re t io u e iy  described*
|t|> £#84 'fSl# O f t&eXteK>09U$l* & » $ *
i t )  3 fitc t*  I#  tli#  ©ufc^staMord recictcao® am adjust 
tit#  » ;^o i» fi^0u rr© n t * i f  ncoaae&ry* 
tn) He&d tli# a t IfeeraQoanpi# Ba*U* ’
( * )  B#®t&n&ar4i«e tho potentiosaster* 
i f )  Uwlttih to  tfe# M ffe ro & ti& l tUcraoooupl© aim record 
t t$  ©*a#f#
|s ) -OuUch o ftr  to t!i# euh*etna&8rd Q*X**ohm resiet&nee* 
st just the potent toaster to the pretoiemimct 
current value aim a lta r  IB# specimen curren t* 
reattXrsti* Then r#oord the ti& e  arm repeat 
tit# cycle o f operations*
By iM s  procedure a series o f throughout the
spp&ratus ia  ©enured* the e a g le t a circle o f operation# taisXii; 
lippronlarsicXy f i r #  .minutes 9 than  p ro v id in g  a cheek every 
twenty-f iv e  seconds on the  c u rre n t to  th e  h e a tin g  c o ils *
\
.................      5 4 ,
This procedure is continued in any experiment, making minor 
adjustments to the water-flow calorimeter and to the various 
heating circuits* until rigidly constant temperatures have 
been obtained throughout the apparatus over three or five 
consecutive cycles* When the apparatus shows signs of 
reaching th is desired condition, the rate of flow of water 
through the counterflow calorimeter is  measured in 250 c.o. 
calibrated and weighed flasks, measuring the weight of water 
collected in measured periods of time* The time meaaire- 
ments are made with an accurately calibrated Pye stop-elock* 
At the end of each evening*s experiments the values of the 
various currents passing through the ring heaters is  noted 
in order that the same heating conditions can bo repeated 
subsequently, i f  desired.
THEORY AND CALCULATIONS*
The thermal conductivity is  calculated according to 
the usual formula, v i£ .# <
q *  e . a . . t  ......................................  ( l )
dx
where Q calories of heat passing in t seconds along a speci-
men of A c*oms* cross-sectional area produces a temperature
gradient of ^  °c* per cm.
dx v
How, in this apparatus both the rate of flow of heat
into the specimen and the rate of flow into the water-
I
' \
©£il©riss®ter a re  & & ,;« * as t l u t i *
Haat In f lo w  « Heat O u tflow  & f r & i io fe r i  b tte e e a  ^o o lso m  
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h  i s  th© le n g th  o f  th© h e a t in g  o o l l#  and
0 j %m tlia 4iffarina®t
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<i^ i»[-TifiW)i-<|>rii»' W wrOHWirt
-»*•3j»
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£te teat lo st of ^ainad by t te  »p*otaea it e&tetfUted  
•*eor6iG& to o n m tim  | S ) § i t e  Xe&iife ©f au rfa te  e&poa©& 
feel&3 d^tominod fro® t te  $r&pfe £?&*& to- aten t te  tm g& m tm ;®  
d is trib u tio n #  la  Ifels i&$ienso the t ^ o r a tu r ©  & lito m n m  
la  the m m  differ®**®# battreoa t t e  tei&p£TOiuro o f the tpeotoa, 
aM i t m t  o f  the opposite wail ©f the ring#
Ttea© correetlond m y  hw® d if fe re n t  sign®# the not
t fa s m ftr  o f  lim $* I f  a X&aaf is  added to th & '^ & s u ro d  tot*JL 
out flaw i M |  i f  a ga in , I#  s u h tra o le & t
K n if in g  th e  ml% o f  flow  o f  th o  v& tg? th ro u g h  th e  
o t l o r i m t O T i  t h e  |* » te n t l* l  d l f t e r e a o *  g e n e ra te d . I n  th e  
d i f f e r e n t i a l  tfe trm oeoup le*  i&M th e  th o rm o o u p l©  e a l l tx ra t lo &  
a t  in f lo w  to is ^ e ra tu ro  p t w u i l l a g  d u r in g  &a e& periiae& t« 
til#  to ta l  o u tflo w  o f  h e a t  a t t h e  o -oi and o f th# t p e e l a e a  
Is ealaui&ted means of tlie usual iorsauls#
aft tlio eo&pletioa of m determination awrago reading 
a r t  tskosj th roughou t the  ttpp&ratu# o re r  the  tU to  d u rin g  
wMeti r ig id  oanstoaei" has b#©& &l@pl©gf«Kl* xhe t  samara lures 
ut oeareo poking positions oionc the ipa-rd-ring and apoolssea 
&t# tts n  computed f fo a  the  iheraosoupi©  a o m ta n t#  ob ta ined  
b f the ihesmeouple m l ih ^ t i® m $ m& th& are dr&ea
ropt##tntiae the reap®#!!*# te ^ ro tu r#  d iaiributlo& s* I.a 
a&oh o f tii© m m m  a t 4 ij&ea the a is tr lfc u tio n  of
t ® p r a t u t o  a long  th e ’ spooisjeo ha© b te a  rep resen ted  ©a a 
©ontlnaou© M m * hut that along the guard*ri.ne hm  te ta  
p lo t te d  as a bromm I l « # no t f r o t t  tho  measured toa^B ra tu ro  
m luea* but from. e&iouleted tm perature differed#to At 
oorrosiiaailac posit 1om * xor th la  purpose an o x a ^ ra to i
tcial®  lias b.*eu employed* The tesgpe re ta rd  d lffe ra a o e s  between
u r illin g  urn! apooiiioa b^m  differen t signs* m $o«itlve 
felga -fefilas fc«e& to  lnMMi-%'® that ttm temperature of the 
cuiird^iag a t  the point of measurement ■ Is- tu&h&r than that 
of She OOir'OS ponding point 0 0  th© 'tftiile a nag&tiyo
stm  hm  temn &1 io&tel'thffi ths guard ring la fceX&e the 
te m p e ra tu re  o f  I t s  © o r ra & j^ M ia c  p o in t  ©a th e  $ poo b w  a*
l a  m m % ‘t m t l h £  t&o&e ® m t m  I t  k m  % n m  m m m ® &  th a t  
httw tn sdj&otnt posit tens the Soaps ruturo erMlent
to l im  %$? $ hut iM &  Is  not f o f oaureo, s ir io t lr  mvmct*. the
l$ f in im%$ out i t  Is eXourt
Shot atrne the-*e t<ai vr&tuf# d lf  foresee* between guard ring 
and apMl©e& emu te& m M m llM  in mob a m ?  os to irsrg neorly 
nm tT -n ltm  ono another tliroueljout the upp&?&tm$ the errors 
iatrotuoei. hf IMa ere net nmifialoat to irittute
the neeureer eo&aXatimef of the .Steal eoaXuotliritj results* 
Ilia -esuii^lea ropro4tiee& below mntiwm  this view#
The in te r s e c t  ism# o f t b  m t  temperature d is tr ib u tio n  
curves provl&o oonfoM eiit oeae* of o$loul&tie& the proportions 
o f  guard r in g  above and below the spool*.*;, a in  record to  
tsj^erattsre# T te tf &9lzi& established fa rm lm *  the tram  ftrs  
of heat between guard*#tag om epeoi&eo oun be ooc£«ute3«
la  eorreetie# fo r  these tran s fe rs  o f beet*the upp-ar&tua 
is  regarded m  being composed o f t -o  p o rtlm a *  miaolyg the 
* inflow * «?nX iM  the ^outflow* oa4* ---t the *iafXo*f* end
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S o ft i  ihiI  $ jM p o ^ tito X s r*  &t $&® l o t t r  
o f t r o t ia g  t tm p t r a tu r t  t&sse#
^ . tST'"*
ffe# rwulta %®x®wlth$ &m o^pro^ -fi grapMo*
&lll> &i®ot sit# for ap^olsta. t&© ias«md fall in 
i ** ,  o w tw o  o t^ f  t M  gstig# length* %!it aiffora&ti&l ooaplo
m & t&s oifsfiifa fMn of olon* the p^talooa,
e 'lo m la t t i  .tfr®& th o . ^ .lo u I® t® 4  Bert fo tm i .IaflOT# mM t&® 
*Caiottiat®£ 8«i total QxaXilm* M ttm  oorrootioa for e&lm 
&&& Xo.f#ta th rou^ jou t t it#  &pp&t&f t t *  ?h$*® 4ato tlgia
m ^ m  i m  m l m l t in  * tM ih e M s l e o s d o o t it i l f  at 
ttiire# sa&aa ios^or&twoa# in  w i l l  t&® $roo$&ure
p?0tioiiisif iilustr$tm* ooB4aoti?lt|, r*»ult*
Is t t e i a l  i s  the ts ta #  im  s t t  * * 9* 0 6 0 0 *4  s ito  is  graph t o m *
i t  w i l l  Is® o fe n trw i th & t tp#oia© n $o# i  £&*^ a oom uoti?-* 
i t y  f i i ln s  a t  I M M o f  o*s*s.# s a l ts *  4 vUuis «h i«b
*i&e* m p M lf  to o * tif  at 76»oc*c* m m  th * histi teqpcratwe
m m m * torero* v this ■& fall in  ih ^ rm x
m m lm t l v l t f  fm n  at to o*ias &t l5S#§e0c*
staaa a « #  progress ire change*. if m^# it. m m  probably' 
ttjene figures tali for «60d® eoMtmfc* la %M first pl&eef 
it jmmt b% th»t la eaiealatias thermal eoMuetiir-*.
ittee im m  %im 4ot& seooroO m m  the iom temperature r«aget 
in© ^saartl total fail la temperature la this epeeijaea wm^ 
m  mmt* 4t*Sl^* ewr th# fall m  ©amso i€a©tHt &a&
Of o r  th e  la  t a ,e lea tha th e  f a i l  %t ©anst$
It 1$ fbua& tfef tarlas e&ieuX&tiea of the results that an 
efiof la the ^a^tar^at of ties# ®om m  a not
inooa$i4orable- eifffereeee la  the finti oonduotlvity m lm % 9 
thin tel&g ©are proamiaeii m m  ttm  too la es&* m w m  i*&ctbs 
%hoa ewer Wm f u l l  ta  00®# ^eoor&ingly i t  i t  m m ludea 
that the im ls tn  I#rl?ei oeer the -fall ou-:e immUM &m of 
higher m o m m y i iM these result® k i t  therefore- beta 
for oar eubwue&t eeieuiatio&e m & m m k m * in  © aimii&r 
mn&^ r* It is «K>aolu4®o that m  re^ &r&e the high, temperature 
rmix§6 the h^a^eolue a t 1 la  th is  iaataaee ehova a
eleeer b to the true ©oaiiietifiij ’rain© thaa either
of. those rsslue® t i r n i t m  froa s®iiiitt«aiii over the tuo ehort 
gaiiip lengths#
too® m  rog^ re® the eorreapos l^as speaimea la the hi©h«* 
oitfgoa t-apita* a&iaolp* epeeixaftn 1*0# S# eta ller ceaaieepatioas 
lead to  the m m t m lm  th a t*  w ltM a  the H a l t *  o f  eeeweoy
the m&n v&lue of th* oou&uotiirlty oht®ta©& over 
the fn lX  W  nm * 0m m  Xeaath Is m m  «oourat* than that-
0c&&©t#0 over if*s t$K> ©hurt 3.0 0ns#lOO^ vtha # 4 hS I th is la 
oom ^t is  eo a fli« 4  W  th& tm t  tfc*t tto slop© of the
eu rre  obt& iae& a t the  M c^ia r fang© 
eppro&ohos i^rs oloss&tf to t&ot I® beliw s4 la  represent 
iim  tm n r^ M tim M ip  t®mp®mtm?i$ m& thermal
w m m m t%. Bg&m ttm o f  maauraaoaft
s i  «&« o*US per^eat#* It Is ooaeiudel that nithdadh • 
the efeaervei value® «ton m  lmmm.%  from Q*fi® s i  f5#o#w* 
to 0*933 s t  100*3#* these i t  i& rea lity  l i t !  10 m  m
%mmm& in the %mm value sf the eoa4usiiirit/ aver this
rung# o r  tamp€sira iu t0 *  t i i t i l a  these l im i t s  & i m m em ?  
the value at ?9»o#G«. 000X8 Ms W tm m  §*®t3 eM 0*000*
«ai the mtos.itt 13i*0#v* #®uli slallsrl  ^Xi@ h®tt©c.n the 
i ls t l lt  0*9it and §#§30# It It elour then that within the 
limit® of experimental mmm there eoul& hay© hecm an 
In ^ a so  of msmmMlm to o*ooo m*e*s* malts**
latMtiili the probability I# that thort la l i t t le *  i f  an^# 
ehaai© la  the truo value tetwton t!v 5*“ iera^r&ture limit®#
It w ill m t  ho possible to establish th is finally until 
0%m% determinations o f tharsa&i m m m t i f i t f  rcw&fcle*
i l t S |  in fait* Ih# pmmst % m t tm  o f result a mggeat that a 
fall In m n m rn iifltf Is «\*u&lly to ha rev Xo&*
tow* these re suit a litf« 'bmn seegsred at two
1 oof tmp€3pst«p0#..«£iasl7# et a *se&» imperative o f about 60 c*
mm st approximately 1310€U* but e* laation of the ra lu m
mv® olossesly w il l  them tlis l th®m  two man tmperaturee
have not filwapi been aoj&tatnod the of the
deter^mtloaa* Kes0t| btfor^  &a aocwate toeuaalom of
results e «  bo nMtftm&na I t  la  m m &m rp to 4oiuot from
the reeordod observations the thermal eoMuotlirity r&iuea of
a l l  the epeoiiseas fit norno imii&blf oho ten temperatures*
Temperatures of 80%# ana iiaaa# Hat© bsea «sleeted for thin
.ainoo the eorrasperAdiag e&XouXated T&iues t!m He
Im tm -^ rn  I I I#  l im i t s  o f  th e  setum ! oeasur* a  a t *  §na f o r  fch©
aea.ittonal end i« t  pr&etieal reason that those tesseraturee
0 t^ r ho re&ehed In the mm o f m m  „ r r$* ?o enable sorao
oompcrlsaa to  he asilt- between the present resu lts  &r4 those
of other woflsors.* the yolues si #0* onl low°c* also boon
e&leulaied* tit# aeeo:&p&fi?ia$ table thus prof idea the tote
at ©11 .four matlomd#
tural&g ncr# to a discussion of the ©aieuleted v&lm&
at ©A** and l$O0y## the f i r s t  fact that ho e le ir ly  stated
is that there ha# M m  a prepressire f a l l  la  conductivity by
alloying with nlekel la both the series an& the
high^oryseit aeries  o f a llo ts #  Efcro © p e a lflo a lly  the figures
shoe that with ife# addition of a*0aS pereeat* I f  welchf o f
ale&el tli# tfeera&l doatostirity at ea0C* fa lls  froa e*934 to
o*Qls* or b f Qmi'lB e*g*s# xml is , l i M a  t t o  H o l t s  o f
error tM i ©ouxa 0 uuily m r ^ r n p m i  to & fe ll
'tf^erotur's# hm&?wt9 %tm m i®  ©f doore©.©©'ia ooadaotiirit;? 
Is  s i i ^ t l y  i©§%  a tes las  an lnerean® In  tho tea$>or&tu*o 
©ooffiolisni Mtk imtmm o f  a i o t o l  oonto& t*
Ttm o a lto lt t# i v$it*a© at 80®0* r^ taa l a 
m m m m  bf © id l t lm  of aloft©!* ond* within  tho H a lts  of 
© r r w  ©lroo&i' t fm  mkm§ l i s  u p o n  an- & p p r o n ® s t § i r
u t ra i^ r t  l%m w lllt  a s l lg t i t  i t f l t a i l o a ,  to iw o r *  t©p&r4© 
th@ t e r is o a t s l  s i i i  a t th o  M s l^ s t  n ie iso l <M&to&t** Ovor 
t t o  f u l l  r a n g #  o f  © o m p 9 H t J # a  t t o o ©  m l s © a f  i t e u g l i  r e p r o t o a t o  
t m  « fo i l  o f 0 t114f oouid equally *#11 pronto © deoroaao 
of ottfaor 0*111 m  Q*MB ©*&#©♦ unit a* th© Mgtor ■ 
t ^ o r o ia r ©  o f m a08* a lia lla r  reftaoalac lo&ds to tho con* 
© l u o i o a  t t o t  bltbms i^. t t o r ©  i s  a  f a l l  o f  o # l 9 4  u n i t s  l a  t t o
oonduatlTit^ii tM© door©©#© ©&& h&m &n? ■w&Xm h%twmn tto  
lim it a of 0*109 &ad §*09i ©*&*«♦ asIts* Sana#* toosua© 
ttos#  s t r t t i  limit© ©refisp to  &mm ©&t©&l tto ra  im d odt 
a toanaarilf to  m  im m m e i s  ito  taetporsturo ©oeffioioat of- 
©o&duottrLtsr u n ti l  m o@rto.la mini,ms. poreo&tsg© of aio&@l 
to© to#a &00©d* ifil© is  oloor from t&o foot t to t  *&iX© 
©peoimej* to* % of par# oapf^r ato^o a© «haa&o la  oosdmotlfitsr 
o?tr tto  ©poolfled toape-raturo rans®* ©pooissoa to* Z mntsla*- 
la s  0*190 pereoat* of n io to l ae#4 m t mmmmil® $km %
of olttor
74*
pm lt im  of H t M n
tte  ea&oriaaat&l trf^r l l  o&n*. iaft«*6,dw* a aos&tlw 
■ c & o f f l o i O j R i  o f  0 , O O 0 0 $ 4  o r  s o  o o t f f l o i o & t  a t  H i *  H t k  a  
f t e t & g r  o M l t i o a  o f  a t s t a l  ts #  10 0 * £ O 4  p t r o t i i t u ,  
t&o j w t & l  a O o f io ito  tm m m %  if*  i fe t ra s l to & S o a t ir i ty
o f  t o r o e i i  0*001  % is i 0 * 0 1 8 *  - § o r r s $ p M i a s  l a  a  t o s ^ e y a t u r o  
c & o f f t o t e & t  o f  0 * 0 0 0 0 0  ■%&& 0 * o o O $ O *  l l & o & l a o *  t & s
op$ol»& ^antalsliMi 0*M3- poiwfti# o f H H f mMitiou* m m if, 
t o  f *  j r o t l & o o  f r o m - t o o  o ^ o u l & i o i  mMm%&ititf  t a l u t u  a  
to^rtoiar# ©otffioloat o f  0 *0 0 0Its# i§ltkla t&o
l i m i t s  o f  t o o s s r ^ o y  H f H t t i #  l a  t l i t ^  t o  t r u o
imXm tm$ H o  f c t o o c t t  t k *  l i H t s  ' * 0: 0 .0  o a a  0 * 0 . Bj 
tosipsfl##is M t&  tM fftf tator tlto
t-^er&taro oofffioleol I® toi&Hlf toto?* aim to t t&io 
lu tftss#  la  l i t  te^crHur# f f i t o a t  a f f!M3r:sH 
e a n J i o t t f l l /  in %f fi i r t l i t r  i i & n u o & a  o f  n i o f o s l
In * for t o  ici eotxtolnia; 0 , 00s  ^ rosrnt,
o f  t in  a l l# f la §  o l« o & t*  ■ $*»?* t&® f& lix t la givoa
as 0*00vS§0 t*Sto  tlMf* p r  t# „ t o  truo
ttoa* im fim il? ! ms to  b P sm tti# Halts
&*000l& «J5l 0,0003®*
I f  a trs m tw a t -fiis tl^ i* to th& t a ^ lio O . to t te  low** 
QMgmu ao?l«o’ i t  I t &U3& IBtt la  t o  aorto  o f a t o f t  t o l a s  
fe i.gu«orrsr^ aontooi# t& o  ap^olmao w ii&  nto&ol Ooeo
m %  g & m & m  I m r  l m  m m m t l r H j  w i t h  r i m
of tutt* i t  mar'* in to t*  ©how & oeol&M d&er&a&o
■©*w t o  U n i t  a o f  to  i ts m ra to t*  -4iHXaFl$,i
epeelmen Ho* 8 mat aim  0#10© | o f  iMskal* far
tmm ponmm im 4fm p$slti¥t ttapH atoo ©oeffloieat «ho«a# 
©aaf i:n t o t *  ©Mu a t^psrHur# ©eeftieloat \m tm m  t o  
l im i t ©  p t o  &.n4 w im m  0 * 0  > n $ *  l o r  t o  l a i l o w t o
KKitef o f th is a«rti% nhieh m & t& tm  0*808 psreaat* o f  
mitoi,* to  natffloltai of mMantitlty ii-y 14® Mtoea 
0*0^ 030 am S*00vw0t, hath fliprta f^ proseatias *& pi&ititt 
ioepees© In  c&mnetlvity «itfc k it #iaoo 4a
t o «  t©# s4Jof@4 s p a a to m  t o  i im l t a  o f  t o l f  
f© $ p e o t i ip o  t r a p e r e t u f ©  m ^ t i i M m - l m  m .if m ^ t lM p  t o  a $ c © & to r  
or leaser &%%mt§ i t  M m  m l  m m m ^ i l f  follow t o t  tho 
t t m  i r a t e  t i l l  t o ' t  a  p m g m o t i i r e  t m m m ®  ® m t  t h t m  
lim it$ o f  H ttm eh t o  § m W b i l i t f  u  that suoh
m  lm r© a§ e  M m  oeeotf* -4  M e ie r  a le h s i m n te a t# *  ha te tm r* 
r© $ £ © e m i© d  fcy ■ B 'p m im u  i o *  H  m n i& i t & m .  p - r e e n t *  o f  
to t  ©loonot* the f le x e s  p ro tiio  to .&  definite laorim© la  
t M tm l. m M m tiw it f  m i thus for 0  p o s ltte  eoeffleieat 
with ttm piretet* sMoh* tsitfcln t o  lim its of error pmrloaj&r 
mentioned# ohoold M ? t  0  fa ia o  lo t o e a  0 *0 0 0 3 4  a *00004 
a«gtn* unit© p m  oe&tigred©# Hem©# a# la the ^trlee
om ttiiato  peroeat*©®## the figares treated la
the %M?© »ms®r rsroei an in to  ti^ eratijpo
70.
eoofflelo$& of thmm&X
Hmm &m  *4fe* mi t&i# lmmti$®t%&n mm %% o&t&feiliih*,
I f  p t t s l M o *  i& o  o f  ir e -© @ s i ' l a  t t i t  o l i o y *
m  im p t m i®  o : s i i 0 f  i f  i t  o f  10
$pmij$®m- in  tfe t  fun H i t f  »erio$,
- l a  i i m t  p l & m t  tla©  l a f t e t e ^ @  o f  o a f s o a  o io n o  i n  
ua-llof©& m$p®$ m f  fe# t mm s h®$mm
Sot* % &n&. 5# t in ts  ' & Oifforooo© o f  t.feilo j?efo«ixt* 
im wtf&m- aoate&t - t  f im t tsiaM tfet *&iuoo of
i B w i  ^m M m t^itf oug&o&t tfe&t tlil# mcwiI o f
#^£ts  Ilia® fec«Jt r  for & to ff itflm lio  %mr®m& in
t&U pyQpevtf 1 «M0b 1 0 a tof& if to  fcsms baea ©sp^oiolE ovoa 
i f  Hat Oefisitoigr Jiuwan* tfetii i t  In ^-uiioo4f boa ever t 
tsmt tfco 'v&JUso far $$B©i£s©& ift^ * i  mut if#  fe-nswa tho lim its
0 ♦ OmJI #15*4 V # 0 0 I t  « iH  fe# oiooa? t i i t t  iho s# 0 i&' t rv0 i
tillm  titfsns? a M§ in§f»«•© la  ©oMuoilviif §f «44itt cm of
oagr. ©n* na inerc-a- to fe*fH cu£9t« m ils *  w  &
m i l l  eror^no  wtdu&tiiis to 3#3Ql* &nrf i t  i t  fcmsra tha t 
amis# M in ti in  tfe© n=# & ^opor^to
©anotitoo&if 0© n i l !  fco elo&r i f  r®to1000® to i&& pfento**
ttU?o£?4j)gi* of feootioo 7# fo r ifei® r$&©oa I t  H m I4 of fa r
tosis o fe n tr im tio n  t o  tfe« H o t  o f  fe in t# feeing u o n M tt 't^ I I io  in  
■0feisr is. 01 or * Hiigvi # g i t  is ssr# irnfe&fei# tiint a ffexi'v,
, £■** t: -<sS I
M  ©nodus t iv lty  oaetirs, t&la doersaso boar lag s « a  ral&tlaa* 
ship to -tho cpatst My of o$ld$ proaoat* Apart t o s  t&oeo 
e S iM e m t iw  it  m m t also bo stetioaed ttm% noi^mstallio 
m$m%&imm poaaees rorjr S*** conduct i t l t le e  t o  boat* and 
fro® t!ii0 fsacst' elane a. f a i l  In it© i d ©  of tfc© tfearaaX 
aoa&uofeivltr in to bo ©ideated# I t  is tbcrofor© concluded 
that.laltbougb' tb© wm m m & m£m&  s t o  an ineroaso In
tin truo irH noa# *ti©n f i l l  roioel
a © lig h t d©©?©©.©©*aa Indeed bo d©dm©& t i t  b ln  th> l im i t s  
•Of m m w m f  of tb© piMoat HoamiraMata#
as regards th© tollman© of ©£$s©n In tb© iroccuo© of 
nlolatl, the roatlU© of the conductivity wmmx®mn%% reveal a 
anal! tocrea©© t>f acqp&rtooa- t i l t  the aofrospondSng ©Iloy© of 
%M aortes# Thus* e lloy  ffo* 8 containing o#oso
percent* of ©ddliicn&l o x ft*  wor that a? the corresponding 
a llo t  Ho* i § w$mm m% onlf  a higher eendiaotltfitt at ©XI 
t^porater®© but ©Iso from tlm  measured. values a positive 
©©efficient of a o s to t iv it t  wittiHempasmtiire * ffe© ©orro©* 
ponding alloy ©©ntatotog ©*308 p^raont* of nickel* uter© 
the difference -In oxygon contest mounts to  0*003 pore cat #t 
also reveals m Mglasr UmmmX ©on&ootlbity la tbs alloy  
of higher aosfgen content* for tin two specs!.mas containing 
0*108 pereenb of nlotol and t o  thoaa containing 0*S08 prom t*  
of nickel* tb© figure© obtained shot a Iw a r to  of the 
conductivity la tfeo presence of ts© higher oiygea content*
It iniOd tlm rctoo appear that cuprous osid© eomref  ^ l i t t lo
ja tos 0*503
Ml m llm  Hd* c n a ta u ln B  C«10d s u ro m t#  o f  oaygm
posit I f #  a o c ffitite s fc  o f  0 *0 0 0 0 4 5  0 *g *s* units per 
ilgraio. SSisiiarlyf sp toliss !fe*Xo with o#0€0 
niclrol and. 0«C&8 p&rocat# of oxygon* fc&© a cob* 
m fii& t® r&  of 0*00106 ©#§♦©# m lta per te&FM 
vrbereaa that uf tbs ecrre©pondJag
©arrospoBi:
a llo y  10* IX i§  t hm  dot&X© th is  v&ltss a t 0*000444* 
tn  the I s i  alloys ewt&iala& 6*XM psyomt* of nlcbal* 
h o o ve r*  t s !  w ith  tlies# ^reoliacis con ta to to i 0#303 percent* 
o f  n l o f e a X ,  %tm a l l o y  i n  © n o l i  p a i r  w t i i e h  p o s s e s s © ©  a  M g b a r  
oiygeia ha.* a l io  o h igher c o e ff ic ie n t
o f  o o n iu a tiv ity *  Wmm i t  i t  ©oaola&ad t& s t ia  eoypor 
«m& co p p a r^ lc& s l a llo y s  %lm- pmmnm  o f oxygon In  mmm&B 
up t o  a * l o $  p e r c e n t *  i m s  l i t t l e  m  m  inHnmm  u p o n  t h e  
v & r i & f c i o a  o f  b b & r a a l  i n a c t i v i t y  f d i h  tmpom-t o o *
fo  p w l i s  tbca a tm ta t lv e  ism m ry a t th is  st&g® o f 
the i i i o t i i s t o ,  i t  nsy fet ©toted tbsfc the a d d itio n  o f a id ke l 
to  ©opper pyM ttots a iaoidiNl lowering o f the bbs-mal 
ecm duoiiv ity in  the  p&®mnm o f lo th  high and 1m  m&zm 
®mtm%a# aeeonaly* w h ile  th is  le v e r in g  i s  p rogrcaa ive  
■with n lc fe tl cBmttut the in f to m o  o f n lch e l chc^c m tmdeacy 
to  heco&o le ss  m r in d  a t h igher a llo y  co&i&sts* As to  
toHpwmtur© coeffioSent© o f © n a t i v i t y *  nlolcol pro iridat a 
progrot® iv© Increase a t a llo y in g  f» e a o io #  w hile  a. s im ila r 
tandeaof i t  e s M M to l .la tiro pseeoace o f osygon* I t  la  
a lso  deduced th a t oaey^ea la  the asoossts pro tont in  these 
© j$# rtec iitii 0i « i  a lasreriog <&* t h i  co n d u c tiv ity  o f copper 
and o f <w3ppap*atefcel tXXoys# F in a lly *  t lB  eomtloei a ffe c ts  
o f  corona n&d uioteal a r t  not a d d itive *
se to ro l Isayo p re v io u s ly  b o w  |HS 4«i»i &fsO i  
tlia iMflxmm® of ototel 'm  t&o tbmm^X to&diietiirlty of ecmpor#
m%& m  r$$&r&sj tlitlr ipm »l fi#ty.0tte s f i&o roo l^to
#lt2* tb& pr&®$nt o t e r m t io a s *  sow am l iMport&git tlitf^m m oB
may* bmnmv, b® m®b®4*
firstly tlit li^ uroo fpot#a by um m & um  m % m m  f t ) ,  
mmiimd - ^  ntofeol ©«fc©£te b®Pmm 0V$3 $®mm%, eM 
4 *to  poroont# atsi t& to f& c t d iro o t ©&s&arl©oa *& t& t£ *
piwmfc faau tts  t o n s i l ! # *  X% to tfeoroforo o f ia ta ro s t to  
dotomfeif to r  f i r  t in  rosi&t® of tbs proaoat oorto© of
&§»© w iils  tta s o  o f  Haaaon os& itoigor©* I t  
I t  f i r  t t  Eooosoay? to  mpfcools* tmb- tfea is i^ a r ife i m®$ b f  
tbmm tu o  su ito r© * was similar to  tb & t o f f-oaaldsoa*
€m& not prm li®  r®m%M o f ^m w m y mi4i greotoy than two 
preeoat* tta ftiproif giron by tMs irepswo&t tb©
t te s m l oo»&uotivtty ©wr a. m ob wldor rang®* sraoXy* 00%* 
to or at a w©a t®sisrati« of 1§S%** Wtcb ms
btyoad ttm  Xtotto of tfe® proooofc mmra&fta&o* By ealeatotloss* 
teitirtr#frcm %tm t m t i l t $  tfebatoM* tso eoa&uottrltloa of tto 
a ilo y a  a t  M $ % * & *? • tmm  4a to© & * ss ©bow to  bbo *oa©B$oay» 
lug tablo#
if  loiso 1 *
%t wmiiis t* /itstJteo#
0*1OS
0*3C0
0.004*
0 *0 1 1 iw a o o t
0*800
V# t 1
0# t&
4*#0
It bo &otie®4 ttsct ana If ®X tom# to mi®
fcdp tfe® o f t&® l io  ®®rl&® of
®''tomta*ticoo, m  *®***6mub& mn tm ooiabllto®, for etorli* 
tin <m*w® rtpwtisti?^ t *m m lBtim ntdp batmoa ®m&
mvM m $?mw &iu®m&%mitf botm:em 
e * § 0 Q  a n a  0#ft p w o s & t #  of o i o t o i #  2 i  m a g r*  t o s © ® a r f  fc®  
r^aarfeft#. t o t  b y  is&t& t o  p rtM m b © p fs ra to  t o t
tm& tsy Bmmm end sio^ ©«® enters In #ta®sr%#y fto:; nmvml 
l^p^rtas it ooustN^f« f lm tljfs  ©r&y ose n a a m a r^ s t o f  boot 
flow &tei§ tfe® ^m im m  mu md&$ tm m lf$ by m&m of a
& t t o  o u t f l w  w M § m  fmou^o&an®
■of hoot teflon being. attoispbai# in to mooM plnea# 
i t  is  o®n«S£®f©4 %tm% ®yyoro:in t o  m&mzs&mz& of t o  
ta s p a ^ tm fe  gr®41®Eb slo isii t o  m® In
t o . I r  a p p i » t t i s  by t s s i n t  tsofc only toraoc^npi© sdro® of 
cossMem^lir lew®? o o o to to ity  to n  tb&fc of t o  aseeton  
»!«• mmsimMm* tut ato %f taerttai tb®$® thsraooooploa 
I n t o  b a t o n  I n  t o  e p t e t e o n  i & i g b  a m  c a l j r  t o  r e ^ c s r a ® !  o n  
e & o o s & t o l y  1 ® ® $ ® #  b a i n s * .  I n  f & e t *  1 / i i t b  i s #  l a  f i l o s e i o r #
In  a M i t lm *  t o  t t ©moooopla feo&te i l l  not ostoM  to  t in  
oontral esla of to  ipiatoa fcr to  btoo prcttoi «ro#
aeeorainn to tto  giw a in  ttm  criminal pap®**
te ftu ff lo io a tly  deep* .Jill those fa  at ore and d e ta il*  though 
apparently trivial,. w l  lent to eoo&u&tlvlty rosuit© that 
ikm iewtr ttoa the t r m  wiuoo*
im t tm r  M pm im m  coistoltobtat to teo&r!©%® on th is  
subject i© tto roeenfely ptaiMstod work of 0#s* £©lt& and 
Sari falser C3f J# n&® tow  gmmro® tto fftmrmX eoa&uciivifcto® 
of « mw%m of eoppor^nletol itilojis eoatotfcla& up to  50#S3 
perem i. by weight of toet&X* Bo ©tot ©moat of oeousraey in 
raoamraaBSt* ean* towewr* to tomd la itoir paper* but In 
trim? of tto  fact that t to  eouatwfXe®? oalerimebar mm employed 
®n& from o ttoy dttolX© «mo©f*ULqg ttofj? apparatus t to  error 
of w atm res m t lo  probably m l  & rm t& r  m m  I  go re  eat* Tto 
jr^ooriol wXnoft to not* toweor* a^poo with tto result® of 
the p r ie s t  Isro o tl^ tim *  i m $ i f  tto oaloulatol w t o o  
ot O°0. la  ©aoh inotaaoo bo ooasjparoO*. tto result0 of' JMth 
and Tutoor stow 0 f a i l  from- 0*M 3 to  0*600 with a d d itio n  o f 
©*Si porooot# of aiokaX* i^ r a s  the present orporteoat© record, 
a dawooM of only 0*131 ft«@#©« units to tto ttoroaX m n & m t if l t i  
li&ftins &m e l l m m m  far tto rospeetiro aeoursoio© of tto too 
sots of figures* t&oo* of Smith and palmar rcroaX a ©dntoua
deeraasa of 0*336 isgiiiast a possible w xtom  fa l l  of 0.136 
o«g*&t units rooortod by tto  present research# fto results 
of i&altJ*'©e& Palmor ar#* ta w a r*  tmmX wpoa only one 
m&surtgafttit ot host flow* namely* that of outflow*
63 *
for %1m of ttto?o©t*uotu?e* apoeJUssa© toon
©bout o»© luoh. la  le&sth «er© out o ff  frcm th© alloys a fter  
©nn©&Xla*3 o t C40%*. A f i a t  u rn  then. f i l e d  on o**q& i s  & 
l 0s g itu ilsa i disroot ion* th© §peelse.aw m m  poilehed in  
list ia&a&x any ©& ea,ry paper© of gr&des iof ,isit of 00 f w00f 
tvud w M # a laaefcin© fcein^ usM  fo r  t& t«  $uy*oa©#
ftitf* aar© then ffa& aftrre t to 0 foXvyt ©loth oa  ^ rotating  
disk cad pel ialied with . u<© © ill  ho desofiMd JUter
thre© o f the tX m m  m®>%lm& m m  found to ha
© ufflo laatly w t ll fo iiih o i at l i ls  &tao0* but the regaining 
t i l l a f s  w a r #  f i n i s h © ©  hi? M a d  o n  0 d e l r p t  o i o l ®  u s in g .  * a i i r o "  
pallth  t® i-M poililiing  jsadiuii* fh© ©p©oi-&a&& ©ere f irs t  
©g&miee© under th© mloro^oop# la  th e  anotohad o o n & ltlo n  to  
i# to ra i£ i#  the  ro la t iT ©  a « ia ta  o f the  a&ide in c lu s io n s  in  0 
^ i i s M t a t i ^ e  w a y | j  a t  » « 1 1  a n  t h e  M e t r i c a t i o n  o f  i M a  o o i r *  
etitueat* ito f  w#r© later after ot*fti&& with ISo
g m r  © o a t  a m o n i M  p # p a is ip h a t e  s o l a t i a  a  i s  P h o t o *
m lorof^aph# «p*§ p ftp o re d  ©t © u n ifo rm  f lo a t  10& o f  150 
M&mMer?i*eM la  a few a im #  g*t & m e n lf l& z llm
of 800 d iaastf^*. til# le tte r  wu;§ uMertaMn to *.&©© 
th© ox id© i tm lm i^ m  in  m$t&t®  only of th© nlloya*
INFLUENCE OF NICKEL OF 
MIGROSTRUGTU:tiS
E tc h e d ;- 20% armonium M a g m fic a t lo n ; -  150 
p e rs u lp h a te . d ia m e te r .
NO * I .
Pure Copper5 
low -oxygen.
t u
All th em  p h o t o h ®  war® m io  with to Baiehert ' 
i> 0 r v tu s f those a t t tm  I f le c t io n  m l& £  the so -w ott 
A ll,. -Hit I  i fa r  U lu ^ n a t ln a  th» &&4 thorn o f
hi&hear m m Itlm lto n  b$Xa& pboto&m2he$ w ith  t l i t  #44 o f t o  
&**$ X&mp aow sirailaM® fo r  tho t a le  t o t  e^u ip ism t*
UuJU Co typ er: t '£*?.$ '&&*
pmlmzn la  t o  uaeiohod o#a4iti0a ootoina & aaall 
t  aouot o t  &% i&& i m l a & i & m  o rto o fa ilp  d is t r ib u te !  throughout 
t t m  ® 0 0 tio » t e o r r a t p t o i i t s  to  a ospe^a m &% miX  o f
0 #0§& por o-ost# la  t o  etefood e aa iltia a  this apeotoa 
* 9 & > i* ta  o f  e r p t t t o  w ith  « c e r ta in  f t o s t l o n  la
e ro la  a ise  la  w ith  the  c ro ia  t ia e  a©»sureisents
r r^ o r te d  l a  A c t io n  0* *h& ie f o r m t io a  induces bp r^oh oa loo l
wmkims in  &Xs$ found to  tiafa fc**a aoasfleteiy re t ire d  bp the 
&na*m liag o p e ra tio n  u to r ts fc e a  m h m m m t to  r o i l t o  and 
t e t o a p *  At a m p i i f t o t t o  o.f 15-3 ilu m s te rs *  ffeo to g le ro *
Bo# X show?# t o  g e a e r to * to u c to e  o f  t t o  apeoi&ca*
la  til# u&otdhed eoM itito  I t  is ohnersel t o t  although 
liie M i l#  t o t o l o s a  arc 4a g m $ m l m i£o?$l?  d is tr ib u te d  th e re  
t l; -s n -a x lit  oaoatlohaX X f t n s l i  o t r i to s  a is i io r  to  th a t  lXXus~ 
t o t M  X.& t o t o s 4 « r o s ^ s p i  t o  S« t o r #  l a  a ls o  o o o r u la  
to g rs #  o f  T o r ia t lo a  In  t r a in  $ t o  r e t e t o i  s f t o  wtehla&p ss 
i l lu s t r a te d *  b u t tS t l*  r& r i& U e a  a.p#£ara U m  proaoumod than 
la specimen to  I  mttXHninz m n ito ! &&dltl&ns»
Pho to n ic  rographs
(c o n td ,)
la  t  wi th the secured oxygea content* thi#
$pcsi.sm %m otwerved In  the uaetohed condition to eoat&in e 
meh larger q m n t:k t f  of o&t&e t&eXusione than. itm msTm<* 
pon&l&8 M pm im n  •&»♦ S# A fter etching* the structure 
revealed Is aimller to that of dpeelnea t^o* d* <*&d# o^wa 
la rtotojatOOTgrapi* ho* S* there eatiet© a visible variation 
la of&ln tire*
ia M s m - S u - S * .  i ^ g a j a ^ ^ : L ^ * 3 s x ^ a a »
This tspeotea vac peliehed moohaMoallf t en described oa 
page 88# la the u&etohed condition the osMc Im im i& m  are 
eetea to fee ©ra nu^ croud than in the m z £ m um & im  e^eclsea, 
o# 1# thin Mini is aeeordenee with It® exoeptio&dUy hi Jx . 
u*y@*a ©oateat* The oildo* time!* uniformly. die tr United* 
© ffo r t the tm ijr rw s la ia s  evidence o f the oscheal oel m rk lag 
to  vhioh th is  a llo y  mhjcoted* fo r*  as i l lu s t ra te d  la  
thotomlerecxaph Ho* 0# it exist® in discontinuous ©treoha 
tleageted in the direetloa of sorting# XM etched &pmlm m  
rm m l®  & «odh sor® u a ifo is  &peia else thoa p re va ils  la  
previous ©peeigieiM&#
la the uo&tdhcd m M U lo n  this Bveoim®. la pbaerred to 
contain oxide inolusi&aa vary uaifersaiy distributed end la  & 
v e ry  f t m  e ts ite  o f  e u b a I f i i la a *  which say p oea lb ly  he
exp la in ed  %  the fa c t  th a t as meat toned la  M o tio n  l $ shore
PTio tom icrographs
(con tde )
No • 6«
N ic k e l  0.2% , 
h ig h - o x y g en *
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the p*0p'Sralion o f  the to s t  s p t t im m  t$ describe4- in  d e ta il*  
t i l s  m a t e r i a l  h M  t o  b o  m i l  © 4  f w i c a  b e f o r e  a  e a t l s f a c t o r y  
© p e o i ia m  w e®  o b t a i n e d #  I n  t l i o  e t e M d  c o n d i t i o n *  s h o w n  l a  
fhoto^lerogrc.ph Ho* 6* the fpaaeral tjre ia  structure la  ouch 
f i n e r  i t e n  t h a t  o f  t h e  a l l o y s *  o f  l o o  y  a i o k e i  o o .a te .n t  * h u t  
t h e r e  e t i l i  m l B t B  m t i m m  o f  v a r y i n g  g r a i n  ® l i o *  - 
fbeeiffoOJS ?$>* fm M s k e l 0 *$  sni* o#nf *
fhli §pm lm m  wm mooh&aloallf geitatcd as described on
St* 88# In  thn- muttehed condition the oxide inclusion© ere 
saen to bo mltowlf‘ distributed* asdf as with tho oorres^  
ponding epeoimm N§* #,* th #o Inclusions ayo of vary anoii 
mim» M m tm m m  to the- eafttiog p toaetera la emotion I ogata 
shews that. reiSM'itiiks had to M  uMeyta&en to *eoure aa 
ceeejstabl^ &pt*sl:a&is# A fte r etching, th is  la
ehcr&eterltod By e x h ib it Inci, a moh smaller and p ra o tlo & ily  
unitors* t j» in  s tm o t^ e *
The os l4#  con ten t o f  the  um atoiie i epee te rn  Is  observed 
in  t h is  ®pmh\?>:\ to  be f a i r l y  m tfo ra ly  d is tr ib u te d , and, 
shown la  fhotoaierogra^h Ho* 0 , thcr© e x is ts  also occasional 
ntrmk-B  o f o x U t  which hate been broken down during oechsaloal 
wording* fh# eiehod etrueturo  la  s im ila r  to  that o f specimen 
Ho# ?f  although itt eoaordamt w ith  the g rs in  alss# m zm & v& n t&  
th e m  i»  l a  th is  lm t® m ®  s t i l l  soae evldeoce o f m n ^ n ifo m i% 7  
tn  th is  tm p fM #
Fho tom icrographs
(c o n td .)
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Pho tom icrographs
(c o n td .)
U netched
No. 12 N o.13.
Specim en No. 9 .  N ic k e l  0 .3 9 ,  
Oxygen 0.022% . I,M agn ifica tion  
500 d ia m e te r s .
Specim en No. 3 . N ic k e l  0.3;%  
Oxygen 0.084% . M a g n if ic a t io n  
500 d ia m e te r s .
No 914 .15.
S pecim en No. 5 . P u re  C o p p er, Specim en No. 5 . P u re^ C o p p er,
Oxygen 0 .1 0 6 ' , 
500 d ia m e te r s ,
M a g n if ic a t io n  Oxygen 0.106% . /M ag n ifica tio n
1 ,2 0 0  d ia m e te r s .
To illustrate ©Ie?&rXy tfoa differ case fcstsaen tho ttsto 
aeries o f a lla y s  In  regard to  eohtent* photos! orogr^pha
h&v© fclso tw a  prop&red at a magalfioatioa of 500- ainiistura* 
ualna ©a?inla of tM allays la the uaetchaA ©oasitlan# thus, 
nt©t©ssi©r©^&ph© ISM* 15 end 13 regeusesl raapooUvely allay  
to* f  u ltii w*tSB p&r ©tat o f ©xy&ss* sM the ©jyroapoading 
alloy lo* 3 having & fcir>-<# Q$&$m mntmt of q+QM per ©oat. 
H is  pair of a lloys hm  %mn ehosen lit nay o f  exaapl© only*
&M  the  o th e r  ' ©oraeapoadiag p& ira  o f  a llo y s  o & h ih it  f i lu l lu r  
d iffe rence#  in  the- m  - r is  the &aouat' end
11# d istrib ution  o f  the ©xi&a tneluaioiuu
AUby !?©* 0 m m tu lm  m  mimpbio i i y  high oxygen in t e n t  » 
tM s heir in  £&©t 0 #1©$ per ©eat* end %Uo atrtioture of thi*  
a llo y  a t a asigaiCloaiian Of SO© diameters la  represented in  
I&otozsl©rogr&ph To, 14# ?h© oxide lnoXu&'loa& In th is  o llay 
crt ola© l i t a t r a t o a  in  rhotosleragraph ha# 13 at u mga!* 
f lo a tio n  Of l f S00 llam ator##
f-wr-V* t-'^
In  v ie *  o f th© tlmo ©eoupleg i&  polishing;; part- oopper 
by M b€ | e ftcaptn  hair© be©& m&o to  produce c&tl&f&etory 
© u r f mm by m ©h&nio&X i s a a i  throughout* £Aoor&la£ly f
s^imca m »  4 la o f  interest la that. poliafcins w^-a ueooa- 
pUshed in  tMa mssnnarf the ©poelma b tiag  f i r s t  around ©a 
& fm t~ m v tn £  d i$ k  m i& n  the usual emtes of emery p&per* 
but fls i© M it0  w ith  the GOO^grad©* 2hi$ ©peols&m mn the a 
polished ©a a rotating dints oevcred w ith  tm lw yt ©lath* and 
la a m m m  simtl&y-to t tm i adopted for the prepare--
tie ©  o f  aleg&aeetlom  o f m io rl& i©  o f reJLetitely csuoli higher 
harino®© th: a copper * a© fo r  oratple t cteeia* By & eult&bi® 
©hole© of polishing oo&Utio&a It b m  bom  found .possible 
to polish not only soft ©oppsr «p*ol$©&e but ^Xb® other 
alloy* t m dh m  Miid-haee bearing aetsia*
Xti the first pi&ae* It wm  found m m n ti® X  to use a new 
feljyt ©loth ©iid to wash it p r io r  to  polish ing with d is t i l le d  
r  tor# . &ag&e$le m e t then be applied and rubbed gently  in to  
t* % ©loth with th e  f l a r * T # -e M . throuehout a l l  operations it 
It found' imperative to use distilled water* It Is ulso 
established that with e new p irn®  of oloth treated in this 
wny the &pm% o t  the poll shines table ia iaxj&teri&l and that 
hl£h rpee&a suoh css &r© mployed for polishing a tool apooinfcna 
ero ofuaily s«rvl©e*bio for polishing: eopper* It him been 
obc&rvod, however # that oaoe tho pad ha a hem  um c  it  m m o t
bn dgsiin u & high §peed# but I t  e^a &$
ti&@i t e r d lm te iy  s ft* rv & rd &  f o r  a o lirh la s  o m m m  $ $ m lm a  
f r ^ i r t )  1 th a t th® ®pe#d 1® rofesod to -tKmt 3 to  '5 rsirolr*- 
t l ; n -  par $ew$4* imd provided &lm  tho t & frosh ^ a m tlt?  
o f mogttsiiia. la  a itl^d to  ttm pol%$h%nc cloth# fbo y®i&cm fo r  
*M s Is  th a t oaeo ta# l a '  rs lT e ty  earf&oo lisa bees u rm  i t  
w i l l  not patois, tm ^sis la  to p rtw to l esotoet
t>atw@t*t the op&of ** of®! the f&brict iif ila rse a l^ ! fc-at mmcm  
o * t>0 obfc&l&od fo r  a l i s t t o i  period o f  by r*daoi&s the 
o f tfm p o lish in g  ta%|ef an p?mlaua ly  ciooeribod # as4 
by !toldlr$ tha rpcfol-^a irery Mpfttly the pod, the
epaei of f fee r o t r i l i ig  to i l#  sac? be r ^ a e i  by e ith e r p r is in g  
w ith  t h i  fin g e r o f t&o iite a r:. ygd &*ad ugolaat th& edge o f 
th t  ta b le * o r*  or I f  p ro fw fb le *  by lirse rtia g  -,,a o d ra  
r e s is ta n t  In  a eos fen lrs t p o s itio n  is  th& m vrtnt © iro u it to  
th# p o iiaM iig  ssotor* YM-s &uppl»&&i£ry raei®taK>e should bo 
o f  th e  - ^ l i& la ^ o o n ta c t  type* lb® M ^ a ta g s  o f  ttxc i a i t a r  
mt&od I© th a t i t  a lla im  an® h&al to r@a44 i r - o  during the 
poXiefcia# oporotloa#
4  f a i r l y  tfclofe oroc&i o f  aegaeaic* p o ia o r  ^.aa d is t i l le d  
netef to flr.it o:pix ■: to t&& oollsPiliig c l o t h  &sd it ie 
ZiCrlmM^# t t  pmslbU't «&* to  644 any fu rth e r ^us&Uty Of 
®Tmm mfitm. tfeo p o lish in g  opera tion. ffcis m i l  io  ih e t not 
fea f  i f  the Qp^m%i<m is  oo&duot«4 properly . f lm ld
a tx^ihm  a dd ition  o f bisoss &ocs:$e&ry* ttiwovcr* i t
la m m t itlrl to remw the epteiaaxi ©*ay froa tie rotating
Pho tom icrographs
( c o n td .)
M echanical P o lis h in g ’
Specimen No, 4 ,  Pure Copper. 
Oxygen 0 .0 3 6 4 * Etched w ith  
204) sjnmonium p e rs u lp h a te .
M a P 'n ific a tio n  Z50 d ia m e te rs .
V
Opecimen No. 5* Pure Copper, 
Oxygen 0.T06 ' ? Etched w ith  
204 ammonium p e rs u lp h a te . 
O fe g n ific a tio n  150 d ia m e te rs .
Specimen No. 7 . N ic k e l 0 .2 4 ,  
low -oxygen. E tc h ed  w ith  
204 ammonium p e rs u lp h a te . 
M a g n if ic a t io n  150 d ia m e te rs .
d la k  tfk t to  ztsp the  m t& z  h - fo r -  U  u a lfo ra iy
on the olotb# The m xu littm u  for oun
readi l f  be Voterssi&eX h i  %fm * £ m l *  of t 6$$ols9&af Tor the 
& p m &  of tb# table aryl tb# &p$UU4 ahaull la arch
* t a ktipp rp f^llna I s  to the fin i^ra*
I n  a t l  \  i t i ig  to  ja b tia li e o f t  IHLs I)/ ^ o a a & io e l &$u&ss 
i t  WMt be us$hmlm£. fc!v*fc 4 tr l l lX a 4  wster m e t be Ue#d 
thfougtoit thor.*i«3 dptl?et|aa/s* I S  the pea be
eitesei to isteni it oeamaf a ueed To#
I^iisliing aoft l a ::->%* but It a£ course* b© mats
su lteM -e  fo y  nao m it l i he M er a a ta is  nuoli **$ u t io X , and fo *  
this reason should sot bs ditmMei c o $ $ \& to X p *
rtiotoi l u T Q i . v ^ k  ha* 4* oppaslt# 12Au$t?*t3» ih* r$&ul$3 
oMsdJ&eb. with a #.$£$Xvs&& oX pure tapper uakei a ca;0 o^Xlhhl.n; 
csloth| tlifi ltotoillei?#gra||is ho a# S and 7 of u p m lm m  
0 * 0 atid f t wMoli tarer# polish#!, ktmll&t«Iy uftarwerdu ui 
B%jm patatlanai & p m id $ m  Xy t^asrlheX# Hie
0 rational #X t&$ grain bouMeplaa In ell theeO
DOdfeanlQ >Xly s^ lis&M &po$inoas- is of articular interact* 
eepeeibllf Im tha #aae o f  »*0* % OaInos, a neo t
©lOtlU
iwo iaegneaiua* le&dta&fitl *«y^ tXa bearing saiaiaf u&d 
ioa h&vt? also b&oa polla&id in ua o$t»oatl*tiJLy al:ailar
 ^ J*
.;*/**<« WttttrtfcWn ’■»
II#
' r'i.;
for t!ia gmmws&zm&t of $&&%& ® im  ttm  Bm& m l® m m im  ey#» 
pie## i n  ®m $um t% m  w ith  itia Hoiefe^ ri pli l^a^oi?e^ap!ii0 
' TOtos ksa It Is flr#t &&ne©«;P7 to- mXIferet®
tii«s B#a& Moseowter n-4 f m  ihl© gm pm ®  & Eeloaeirt
soole .g iirltxi oae m illlii# t i*a  &l?i&$& In to  MO ai^iel-oas is
la  ilii#  n i |  It aas $&*&& tb&t §00 Oiwisioaa m  tils 
€f<§pimm Mjmimiii tom Bar© tipitaMut ta m §7 
il'fltioa# of lie fiaiohtrt tosM* Berne* ot t&© m^ifidetiaa 
e^ot#:E| on« Seek d lirieioa aai^espeai# to 0#OOO§§4 m#m# a or 
0 *SfNI ^1#
ffee Ls#fts sre first aoIMbM a# in meMlXogsfajMe 
^aolwsiiea &M otitioi tiiH & tMiiiM# $&&&&&% to tore!©# 1&0 
irols itruttti2% aM IM c^otons 0m  %hm .woated la tura 
on the aleraseopc In Hanoi ©07* tita i&a Boelt
&ic£08etes* Xa@t#tt& in fXmee of the oaniar* the
e4just&&ie EaSj**4 ifie of ife® i&toNatett* 1© sspit©4 oorosa tlio 
,.V©ol vra afl-er fooaailiii* oai t&# maker Of crsXa ImaMrMs 
out la fasmias la oomatei m m  % M n t^ n m  m ttc&pazt&itk* to 
m -ppt$ t&m t® lf 500 t&cftoaat#* Oi'flflost# tea m ^h  m ^ ln m  
m% m iM  ©M tfeea &trw&$©4* t&e ssj^ als&a Xii&if mirol to & 
41fifem& fMM for mob laMylteM ewaattresaat* la ©peoioaa*
Whim eh#* a tfiaifele * jt a** 111 grain size under the micro- •
mopm tM s pmm4m?& is  mm-n%ux$ &a4 i t  la lap&r&tiTo 
to  © eleet f o r  f i e l i s  tfo ieb Im iM ®  both
m a l l  g ra in s  QtPwmiim w je re e a n te tie e
ean m t bm obt& lae$* la  a im nm tora© i-e a tio a , t t o  e e r ie r  o f  
ta n  ia@ astirf»sta  toon & te c ^d t l a  t l r to t ia o a .  a t r l$ h t  o fisM s 
to one e w ttw *  a act & furitier Mir las of tm  no tion
eltt* poiitMM  ami # t6 !i0-i apm im m  out in  a l&ngl&adltftX 
A ire e t lo a *  f& t  th re e  iiim r& ip  g ra in  tsl&e »aou rcaea t&  thm  
nbteltae-i e r#  th*?® u$e4 fo r  eo leaX& ii&a t t o  voX&mi o f  the 
, r  ini#
l a  s ra la  ©I&© m&etsrme&is e i ib  tbmm m p e&eX. 
ellofB the ttofilBf tmipsf m % p m ®  m m m la  m i  Ix g im m n  
pero!tii@f eui s l l  gp^otems wera f lr t t  ia»si®d for
sXrntes n% m. im grnntur# of H43aC* The reeultinc sTorage
t o l v o  I n  th re e  d ire o iio a ©  & i r ig h t  angles to  oak; m o th e r M re  
m m  r iv e n  la  the ta b le  b # lM f together M ith  the n-aeai&tao
to im m tr l©  g r& in  e feo . frs p h s  h&re a lso  fccsm p lo t te d  to  ©!k>$? 
the v&rt&tlen la iraiti rls© ui%% atosle percentage of nlo&el 
in  bo th  th e  o s i l oenraygea carles.#
S4
ft*» »»^in»r\i% im^M>
P p e e i f i o a t i s a
1-, . r -V 1, ^ 4*  ‘.  ._)0 J 1 i * t  / 4 *
e l e u l & t  t
-■^-.--.,■- - —^^^.jy.- ^  nn^iatf.irM n iM i. fci infc»r*im I. <nf i*krf nari-ia
I * . -  -.’ ’ . I  *
t a l l r u i
T a r a o s T e :
1
r s o
Z
e X a e i 0  *
z * 3
T * i  * *>**
a .
m* %
• & * '£ ,  4 , s x . s s 1 2 , 3 8
i . « *  i f~ « 4*. <F 8 2 3 ?
#
O . W 6 1 5  ( 3 , 1 1 3 A t . * ) 1 8 , 1 3  - 0 ,0 1 1 3 . 1 S -3 $5l i t . w  . .  .1./
■<*■
8 . 8 0 4 ; ' *  ( 9 , S S I *  J 1 1 , 0 3 f , G a i . s o t e a
**■
3 , 3 3 3 : '  ( » , 3 8 3
f t  |
9 * 0 8
if%  % $*>•
o # X 0 «  * / » e s s
m
O . S O S f l  ( 3 . 5 5 3 *  ) 9 , 3 0 f * S i 7 * 3 3
•fT *»W<gfea^(teaWin ix ■ ‘*MairwW»**.rp»fl»>wi»»i|<i u r*r  ^iwnrwif i^tfct^wy
f '%t — *&■«*&*»
?*i Itii 19.8S 13, SO 14.34 3033
ft 0 ,lvO, (0,113 o t , .) 13,40 11,03 11.2? £207
0 C.304’’ (8,Sftl ? 1 18.53 0,87 S. 03 1143
n 0,333" (o.ssa • J 8*33 0.34 0,50 017
m O,530;S (0,663 * ) 7*86 7.47 t* m*\ r **»wr 430
T, f** , ,
f!i# iahtsXstsii m ault$ uhm ttm l nltilscl prague^s in  both 
m%t®n m wmw lefga reanotion in £^ &in si&o* this in* ia feat* 
e r i£ & n t In  th e  r^prndnsed a t 4
of ISO tri Se^tlcm vhltih* im©ver* rsfer ont^ to
I0agltii4tn5it *r««i at* The®® eorrcspo-M to the iae&eureeasti 
f if an in the first mlzum. of th& above t&ble » hat although the 
ia fia e a a #  o f  n io h a i upon c ^ a in  t i t e  in  th e ro  r a f f ia t o U ^ r
Q
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apparent* It U  la  Vm osculated mlmmUU s im  ma
in  ttso a?®.phB plotted from ftm m  flpirta th&t t&* fa ll  &is«* 
n i f l o & a o e  o r  t M t i  o k & n g e o  i t  © i o  e f f e c t i v e l y  o h r a u  i & s e e
f l  arat* indeed*. o*ko It ele&p tb&fc tfe# infiuesee o f alefcel 
tigon cyoln ®%m Is- l* o & itte f oalj 0•!£$ per pent o f ih&t 
nlmmrn twin* m m m m tf' to ye&uee tfe« grata nis# in 
®&rim  to *. pproidUBtoly tSsre^fitih® of the erleia&X m lm  in  
the mt&X®?'"'' & further irm tm m  in  uiekei in te n t
f'etnati t!i» gr§.lfi u ltt to nearly of th& in itia l
v&iit0f te ftt#  ofeieti further oidltions of alokei* trMie; louring  
tlit grain B im  m i l l  m m $  do no et 0 lean rapid rate* 
t&ttmifslf* la  the t w  s t r l is  of ess&aiaed# §*§08 per
nest of mlektl ea»#a m dia&auiiiea in grain oito to 
fiptroilm telf ono*&iatfc of the orlrlaal emluo la feotk the Ion**
0 y t f r i t t  end the &ich*ex7j  n «ari m *
In  m m i im im  results in  rioter detail it  w ill be 
BfNsti that in t !m lew^sygifi allays. the train sit#  la  the three 
d ireo tlo n s 'O f Qooeuro :rn t ro a -# a i ujyvoxlsatei? the fa iao
* U 5 *  a d d i t i o n  of o * S * I  p e r  p e n t  o f  a l o h f t l t  ® o d  t h i s  l u i l f o t a l t y
o f  * r  in e lse  1$ mluta-iaed* theurJh at a lowor sr&la s ite  v&lue* 
w ith  aMttlotMl mmn%& o f  a le k e l up- to the limit enarlaed,
-A t ls i le r  result 1$ ®h0 $n in  tfc# eeriea e e n t e l n i n #  fcl&t r^ 
osygen contents* a&4 hence i t  1® concluded- th a t $ t epprosloctoly  
0*$ per neat o f  nickel the variations In gra in  * it*  obtained in  
«v; o r  o f  high p u r ity  arc completely roaove4# the gr&ia eiso
M i s i i  c i  %h& t i m  1 0  , r  h &  © rt& iifc O .
a th® %m tfco in of ©&yg£&
©osatonta % lm  m ^ t u i z  ilJ x t Q ixzvn  e&u&e* © e m o ln . dc^rc® o f  
iiMsti gracliMii^ ' b@doc» le&o op^ artnl; m  mil©/ 
©©stoat of alo&eJLt® i^ sroojged# Da IMi b&ais it th$r®£©r© 
feo antioip&ted t b i t  Oxddc s o w i n g ’ OOfcpesr w iH  hair# & w ii& htly  
higlset* tonsils str rtli tJm& m z * r of taixs easto&i*
xngsro^ mnt© tefi| in foot* hm$k tbsi©fir#d m  o r m $ill of 
fe tia lls  %mt& ne$oni®& in  Seotios i t #  tn® iafiucdo# o f
0 ^ 1  a in liti# ailcif# la furfcta? ®hmn to bo tlmt of oauaias '
11 r t i d s t l o d  l a  6 u o t i l t t y «  I t  t o  s i s #  e f l& o n t  t h a t  th® «©  h&r&«* 
f t i l  n f fm t&  o f fe iili oonto&t m® Qmnte*ti&l&Qm&  t>/ m
im t m m  In  ©trondtli &%ith  i#  btMojat ©boat b$ th® ©dubin^n 
t& t lm m *  of nielxX in isotofcsing ih® yo&lstsmoe to doromation, 
c# ifiiismocd. fe/ Hi® rtcnX tltts  lnegoa&oe in  hufd»©& r^ o rt& d  
In feotion $* in rMu®S&e t&« grnia six® n&torlmXX?#
&\aoo* It 1® oltat that #&©» tlisss i effects outvolgh .
ty ?  t i& r & fu i  i J i f l w n a o  o f  h ig h  ©'£/§©& c m a t e t o  d a  d i o t i l i t / *  
t?i® i & t t o r  i a  i r t s t o f t i  & M  fu jr ife cT  fc d l i t io a ©  o f  a le  A c t
t h m  x w u X i  i s  1  ipffocre^ itre i f t p f o f o ^ n t  I s  b o th  t o & » l l *  
etfffisi^tli ©si f e d t i l l t / *
I s  Iii@ p & ttlw X & t ©xnasXeo uadLer soirie% t&s Blalsua 
aiiTOat of alo&ol w $ u l*e d  to mm m pli&h tlm m  is
0*3 per ©«at» but la cur ©tfe-ar o f mpp%% .
the notunl nooont o f n iohel aeedod w i l l  © l td * ! /  dopsod upon
tho 0 1 /geii ©anteat* rhto ©Apia ami lost 4#^  n a t§ hoo$tr&?» 
tiller out th$ p o s t ib i l i t /  of Btofecl ©musing o «&~a> In tho 
s o t o M l l t /  0 t  oupsrotas aasi&o o s  t o  t h #  o & s o t i t u t i o a  o f  th e  
©£id© m  e t r  to d  t o  coaa idcT ing th© toassito
r^ a l to *  with ®mmtpM%& upoa tho ^©hmaXoaX
pmpcstltn* Xad©odf ma/ further i^ storoXAs uadortotea ©yo 
©nit# Hfesly to minbXt&h that ■©&©& of foot oaatributem I ts  
tom to tii® oM trfei i&ftoe&o© of atohol an ®#i?s*crr of
?&&tlr«Xy Mch m ^ m  t$mtent®*
th® aooore rxrlag &®pk& tmm hem to  IXlaotrcto t&@ 
r©Xotloo®Mp between grata s i t t  cmi ota&i© pcaroe&tac® of ths 
©dd^d ©toaeiitt A g| in  ttio ©a## o f ttm sories
®mlf$t» of 1M eurr# math#iasti®©Hs slows that the fo llo w in g  
otpoaoatieX e^iattoa  f i t s  ttia obserrcd roiut® ■ re&sa&a'fcXy walls** 
§M m 3  j  m IJ t  t n l
wlmm 0 ©Auolo B'9OTf  tm tlt$ g ra to  s lx e  a t & oonpastU ea 
mi&mpon&%n$ to s  atom per cont of nickel* end 300 is  oa
'm tos for the sr&to esto® reached in  th is  scries
A® r © d r ta  tb© o w l© *  * © ©osjparisoa between
tbs two tmvo® ?tow that the- liiaiianai grsin  s i  a® reached Is  
the ■«&&© in m$k Im tm sm * tooordSi^gto* ^ssniiiag t lU  to be 
8D& S^t tfe0 fo llm im  e'riiatton b&s ■ boost found to f i t  the 
obocdrred g rs la  «!*• cse&gurwenta  with re&soit&bto mecuracyi*
0 ^  ** soo © o * ©*d#4§$ ( * l  
where O to  la  th is  la e tsa o o  3 f 50i#
£8 *
Vmzspi&lm t, a It mm mt
t m  o&m tm t®  a m m  &m wm-$ ■m&xl? ®t 12k? B^m v & lm $ M in e  
«4*44? f o r  the  «ed *-6*463 in  t f t t  low-*
i f  m  ra t®  u t
la &*':ln  t l m  it His ©ssn im  immo of *&XXar®§ 
m tnimmt 0x14.0 toss not infl&saa® tba r#fiai^  notion ai 
sio oi i?lm f&e Iritis* io &Xio*vs* in in
I t  l s # in  £m%t ®Xm:^ t&at i f  om f-* nt
nil on l&o gr&ls of tojifor f&ts l^eiyfli® to $erivo& oa& 
mrt emoaitnilf %? fc&e niitticm of m  zipyt®*
prl&tt p£rc«t&$& of &lti&*X«
seetioa ®.
BAaw uss,
mueti \intnmtmt*-
for tli0 of h m & m m 9 ofeotoas ©ueh mm
tm h  in length mvQ out iv®m IIit % la* 4U,i6t0r drama ©al
egtumled $06* # &o*t apoa o&ofc was filed a fist* Hie®o 
spesticieaii w&fo ttes poilthM rnitli e«rjf papers of sooosroai&is 
erodo® o f  f ia ^ a t t s  down to  th *  e s^ io ye * in  p?e~
l ia f l i ig  &po&U» a*»« The Yie&a?* l i v e d o  o&4
I&okwoXi la r fc t rs  m m  tis«& fo r  fc&o fco rte ;ss
la  m im t  tho 7io&&rsf i^ r&n&as ftt-ler %M diamond was 
ohagoa iM if a Xo&i. of 1m ag§*t the ladoat-atlom produced 
being magnified W  mmm of th* Z/2&&&# ohjcottv** Tfcro©
feottis©** iettmlaslioas upon soon spcois&a wera made* the? 
r e t o l t t  M i m  Bh-:im l a  th o  m m m ^ m i^  ts b la #  T h e ir  average 
vaXmao hav© d©o feooa pxottod la $p&ph fora*
KO0&W6XX * rl~* . .*i WW fjmrn^ s n .* ri * —mumwfr
In  a prtiisiimr  ^ test thtsa s^ eoi&e&a wcro foond to be . 
tm  eo ft fo r  le t t in g  odaofdlne to the * 00X0-9 m m lf  w ith  
t lm X/llStti in* €lum t& $ hall m& Xwb ngs* Xo&dl&g9 and 
fcooordiogl# tlsa *F* aoal© #a©l0fiai ifc© l/10m* la* hall 
end ia l^ ip* loading ^  adopted* the results-thus obtained 
h&m bmu tehttlateft nad Mfi *X&o to ©a grspbM#
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S p e c if ic a t io n *
1 s t  '.Impres s i o n 
A lloy  0 e i i I S r H a f3 n « 8 8  
llo * le a d in g  H&aaral
2nd Im pression 
Ooular Hardness
Heading Humeral
H ig h Q x fg s ®  S e r ie s **w»nt'*«B     itinim^i.mjii,iw^inrin/ -.kwiii^ - t^
STiaKel Absent* 9
K le lce l 0*1  p e r  s e n t*  9
l l i o t a l  0*2 per east*  6
N lo k e l  0 * 3  p e r  e a s t*  8
Wio'kal 8*5 per cent* 11
2 5 ? 78*1 '960 68*6
231 81*2 241 79*8
256 63*6 253 67*6
244 7 7.8 247 76-0
255 71*3 254 74*2
tom. Oxygeii S e rie s *
H io ko l Absent* 1
fJiolcal o*l per cent*. Z
IT ! ok e l  8 * 8  p e r  s e n t *  7
lUokal 0*3 par cent* 9
1 lake I 0*5 per cent* 10
A d d i t io n a l  c o p p e r  sam ple  4
254 71*8 259 69*1
262 67.6 258 70*7
268 64*6 274 61*6
253 69*6 259 89*1
251 88*1 284 65 *8
233 67-1 264 63 -6
HATOtias m & s m m m m  e r  Boaarstf. m sts5b.
B p m l t i m t i m Alloy Ho* Handings
(A ) HlFh-Osargan S e rie s*
•Sldtel Absent § F 50, 36, 58,
Hlakel 0*1 per nont* 3 ¥ 53, 83, 64*
lin k .© ! 0*2 p e r eea t* 0 ¥ 80, 35, 53*
Hiekel 0*3 par oast* 8 F 85, 60, 62*
Hi ©Seel 0*0 par sant* 11 F 55, 59, 00*
'Hlskal Absent 1 F 59, 58, 57.
if laical 0 *1 per asnfc* 2 F 56, 53, 57.
Miakal 0*2 par sent* 7 F 58, 53, 55*
Hiekal 0*3 par m n t * 9 F 56, 54, 55*
Hlokel 8*5 per sent* 10 F 59, 59, 60*
Additional oappar strapls 4 y S5, S3, 60.
The we sw a lta , both Vftim 14 immmlm  end
!*©c$rweXX **?*» itats®r»t osnaot be said to display m j  n&r&ea 
r e g u la r i t y  th roughou t o l t f w  the  I o X X o y a  o r the
oa theoratio&l g^uMa it woe to h&vo 
bean. expected thei* eorr^psMlne to tho form tion of n 
m l i t  solution between copper and alofeeX upon alloying, 
the h&ydne$8 v%Xma would display a progressive inereoae la 
both s&fiat* Owr tba alloying ranges iwoatigated it w&s 
tm m w & kB  to anticipate t&at th is Inora&se o f hsr&ao&e 
would b© roughly pi^portlOBaX to the i^roantspo of aie&ei 
preeast# The toolw fll wsluee of the X©w«*jaygexi eerie#* 
bowerer# i W  a progre@iriirf dcere&se up to &n eXXoy content 
of ^*$33 p&t m n t of nichel* the Tie&er# pyramid numerals 
inhibit tag a elmllar deere&se# et le ts t  up to a n ls m l 
content o f 0>&34 per foot* further alloying foisea the 
herdneee falues ee obtained by both sethoda of aaeafcuro^ eat* 
In  the saries the result a arc erratic
for although the &0okW6lX and f lo o r s  numerals exhibit 
oorraspmdliss 6tiaii$es ftum  spool rtn to eyeolara* the alloys 
o o a t l in in g  0*106 and 0*603 per te a t  o f  n ic k e l s ir e  re luoa  
by eaeh saeihod which are higher tb&n tho»e m x r^ tm  by the 
fenaraX trend orcy the whole range of elloye-* fM s trend 
Is ,  In fa c t, towards iaoytaaed fcordaeea with addition of
Xol*
n ic k e l * eipeats-4 V ;b w m e t a l s  which fo ra  s o l id  
s o lu t io n s *  lh& &nm,,Xlm  a o tM *  h o t t e r ,  e ,u l&  p o s s ib ly  
b© expl&lae-d on t i e  buelo o f  the .aou^uMf o r a l ly  o f  oxygen 
content fxreirMXlag In fits eoriec, on the sc©jc#lor that 
mipmm  o&idt tend© to Xmroaan tla  hardness of eof-per** 
n i^ m l  a l lo y s *  H ©  fO ffM ka t h ig h  e x h ib ite d  by the
c a n ta lr ia g  0*313 per cent o f  m o & c l in  tM s  scri& a  
eos thus, indeed* I t  oecoustid fo r , since this apecisam 
a l s o  t o a t a X i i s  t h e  o s y g t t a  © c u t e s t  o f  t h e  m x l e a #
n u m ly ,  e *0S i i>ci e to i*  Ki© 1 1 #  hertoese  o f  t i n  cpeeimcn. 
©oiifnlning §*100 per ©®nt of oxygen Is? m I , liontrer, 
e ^ p la in i t la  ts i & M tM la y  f o r  by coa^oMaon w ith  ike
isgaolmeu co&t&Xfclnc 0*if4 for cent or niekel It posmsmm  
imrly the came- of ocyg^ a*, but with' lit tin eoro
than half ill©  stoical, ©a&icni*
Sa se^kltia further potsiblo m pl&m *ti$m  for these 
dic0T0,p£taai@® the aexia lf i ? i t y  o f  the  msaauiyaceMs trnst be 
O0siii@r©4, and it  is  ouggostad that ot these low InrUnas® 
mdusa both the ¥i©kera PfyomM skater and the !!oelw il 
hardness fsater dr© of iaesufficlmt *©&»itlvity to reroal 
© le & rly  the  ?e?y *. * XX chargcn in  hard ass © which should 
&©©oapcx*y* sad certs itxly fo nppoor to aeoooeaay, the 
addition of Mahal i s  the a© r ia l! aaouata tO'eopgar* iM s 
fa c to r*  in  m lM m  %q zh% recorded re s u lts , coeias o ic& rly  
to establish that mmXl pztvm t& m ^ o f  nloical product no
£G2#
in h^romm®§ to* ito t o fim t®  o -^usoi 
am  m  a pfOoresslfi? g m rm m  with n lo im i m ^ m t#
%%i& iB  m m  o l m r l f  m z ii ib itm  In  t&e
% m lm  U tm  i n  t m  aXXoyo of I m
turtdMB mm %i» th* in f lm m o  o f tonso* tto on&n&o
in  hnv&®,®m I#  tmt %m o lm r l#  r o t# o ito  fmm <* *§tu&f to  %tm 
i im i t o  S f to to iX s r i c s w ^ im tio is  to  i t o  i t o i t i t e X
to w o te r*  t o t t a i f i  t a t o i  s s a e m liE to io & ii maf fc© 
tocmo#sl* Co& jeria®  0orr©#$o&&iJS& fcpoctaa&a I t  m .iX to  aeoss 
i t o t  tm  Wi&mm I fr ro s iii iterruX is o f  i to  of Xaw
o s fto n  m n le s t i r a  lo w ®  tto§#  a t t to  speatena o f  
Id t  a /  <& oostoiit* Zhl® %& In om b p a ir  o f
opm l m m  mxmp% oat * m m lg  * in  i!i© too imXiofed 
®pmimom I to *  I  on# $# Hero*, lo * 1 ©tt& Ian m ^c^n  ^.oatent 
JU* on  tli«  &t©r«€e*. 8*9  pal&t® k lcJ io r in  hnr&m&& t to n  i t o  
tipoolmes o f  Is ig to r  ©s^gea aatftont#
XooktoXX Um un^m  v&iu@isa i t  ao^toto tositofly*
Xoto to Xito aa&ol&sdoas* t o t  tom &g&l» *$>©&l*sea no* X la 
o f  M i t o r  t e l » s §  t to a  g^ooiisen lio# H* iha  i l f fe ro a o o  to la s  
o.a &vor * a o f  X#? r a i n t t  on | M i  coxXa o f  laeooumo&nt* Xa, 
toaitiafi* tto cilo^s eoat#i&i&e; o*to8 per oont. of MctoX 
rotted w s ls iis r &ao£3a Xf.i for the oarre^pandito ftpoo^a 
w ith  low  a ^ t o n  ea& t«n t* vX*# ho* XX* is  o f  M g t e  tordaoan 
than cpGdifi»n ®o* XX ©obtaining 0*053 pel* ooat of wldUioaJL 
oxygen* It sflXX to otoertcxl* h m m B z$ ttot in otofi of ttoso
M  3 ,
o f  d l t o m t o e o j  t h e  o l f f e r e s o ©  i a
tar® ta lm tm% ih m i poim& on th© noofmolX #F* &ml®§ 
n M  m B n in  i t  i n  m m t M m o U  lU & t  p o a & t h t o  i i M e n s l i i r i t f  o f  
p m tim sstirftttorf #a#fenationi* 
to ansi apf otftoin » ^raximtionn e® to the 
of oxrim i-nt nlstex* %ot!i tomsXr ®4 oo^inat* he 
isdia#«i# eioMag for ftoMld# lnato®a®ie% 4m- to Im t  
mt m n & tt tv it t in t&# stthoto of ia®toarinc &®r&3es*t &|©&©i 
cdon® f)fwl4#B © mmtl tot imoirto® in proportion
to  t t o  p m m n i • /© hi®#* to fsoee#  o f  id lo to
»fdto&is© felgtor oxfg^n mmtmm rwmx® a paer%i ln®oa# 
isltii ideteti ©ontTOti jsaou&tins mmt the wtoto
to  § m i t t  on t t o  f l u  to m  t^ x o t ia  ttode o r to  m  
#iultidasi of I tirisioma in tto iooteli *to rdtoinp$t.
whicih Cifpe^if to  &t j?a ls t4  r& tteer ttom  o io t id d to ,  
fe r  t t e  g ^ e s t i i e #  o f  n i © k © l *
e # t i o a  x o *
i ‘4'4 *
y f  > a  j z
I I I  JL'SOXf Ctoiid |5S ) js itO ilx to © the r to o l ta  o f  an 
m tP m  in to  th e  s d u t ' i t i t  j  o f  i r o n  In  eapprp &to concluded 
that. th e  f i r s t  § a iM t I t® a i ta  s tp a m ie  in  & aoXM  r e la t io n  
rich Is iron* to tto# tto t tm m t i& l i teation prcoseto
the r « s ia ln e  liquid tooorw pioMp in copper* *&e nnostlon 
o f  l t o u M  j t o s o iM i i i f  W  i t s  m lo t io a s M #  to  c o n s t itu t io n  In  
the  i f O l l i  d to t#  tee  e iw < .*d  t t o  a t te n t io n  a f  ftm t  &&& Oooroaa 
fS9)# tt#  dwcXoped & eoa^titutiom l tioamm which# though 
io p o r f t o t  In  tfc&eXf* p w e l  th a t the, e a r i ia ?  aiogroia o f  © stem  
{40)  l o t  ttb tcM bX e* lin e r sM. n tonye r H D  ©■-ifi f in e d
t t o i r  to  the  d o its  re g io n  o f  t t o  lra a *oo ppe r
dtogrssi* &&4 eialier (48)# ng well su Benaitoto {43 }# eo&esr&tsd 
i to B o t lm o  c h ie f ly  * i t h  the  r-> io s  o f  l iq u id  i« to o ih U J L ty *  
ftirerei tortots* mm  particularly «*aa hi# ooiisu^uoo* 
tom the ioinMiitf Itoilts of ooppct i n  i r o n
i t s  m r ic t io n c  « i th  tesapemturo# The e c lu b l l l t y  o f ir o n  in  
ooppor to # * to rc rc r#  been & a tm ij o f  t» r®  re ce n t to te *  fo r  
lnet&noe# to i ls ®  &&$ fo rd  (44)  o e to h lto h cd  hy iB leroacopic 
c th&t eoppsr ilMBlms 3*0 p® oeht of iron &t 1£949£#
oust that the solub ility  fall® to 0*3 p® oent at 75#to they 
itowM also tto i belo© ?50°£* tbsro- to oidy n oanii eto&ae
S o l u q i l i t y  o f  I r o n  i n  C o p p e r .
(Na.n&oq FoTrd,).
looo
copper so lid  
S o l u t io n
poo
$co800
c o p p e r  s o l id  s o l u t i o n
6006ao
Sbo5oo *
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/•o
in  notability *iih  tenyatutum The abrupt ©h^ aae at 8^ o0:c* 
in d ic a te d  i s  t h e i r  a i-y^r«a t hzw m ith9 U  a t t r ib u te d
by I h m m  lord to the £^^*jlgfca t i^tisg
> l & e e  l a  t h e  X : r s n « * r i e ! *  p h a s e *  f l e n s e ,  i t  1 © c o n o l u d e d  t h e t  
eoplssr Is in e^mlXlhrte tilth eaia^Xeoa abe?© the tran&for®** 
t io n  f a in t  and e i t h  ^ lp te » iro n  below th a t tc Q fo r^ tu ro *  fM #  
©&*>X4s»atioa of the abrupt im t m m  in soluMilty uhm® aio0a* 
i$  s u f -» r i e i  by the. f&Q% t t i s i  &bove th a t tmpoT&txxg® eappep 
and tm n  then m «*m l#t in the ?eoe**®#ntrei ettbio X&tiioe#
The eeneXuelenn of H&n&an ram have found &ub#$unti&I 
© sb.fir t ie n  tmm. s lt iiX & r  reee&rohen by and Q^lmn  ( 4 o } #
iii0  determine# the solubility our?# % i^ usuras^ ntu of the 
iat*i I t f  o f n cn ^ im ilaa  in e eerie* at u^enohsd alleys* The 
an eht&la**4 &re nueh aether than tho^ s* of Ha&csoa and 
fori* hut there dr© fertuku &t 8§#CU 75$°c#* the letter
being a t t r ib u te d  to lose of mafaetl^tion in %m saturate 
iron*riob ©elution* This wots iXsXiss that the eelubiilty of 
I ra n  in  4#0 per o ta t*  e t  X 0 $ # 0 ** f e l l i n g  {T~0uaXXy to  o#X4 
p# r ©eat a t  § o # 0 *  B&low %M$ tem perature the  s o lu b i l i t y  Xiao 
U  vertical* it being etated that eyaUibrlua U  m *m t reuch&a 
s ine#  p r e a lp i t f t t le a  i«  s to f  th a t  the  s o lu b i l i t y  appears to  
be independent of tot^ro-tiir#* Hit limit of solubility at 
roo&j temper&iur® boo b&ea tefcsb by ?aa&&ft& sad 0#iee& to  be 
0*14 tHKr e#s$ e f  I r m $ a lthough  e x tra p o la t io n  inaioates a
■•XX
s o lu b i l i t y  o f  1*S7 d IS  per eent a t &00°€* o M  8*0 £ 10 
oper eeftt a t  10 C*
Xv'G *
Otfcw m rlz  t * * n m  t ills  psoblera mm also he m & tiontid*
fhua§ Bstjor {40} lias tlMlt-i tho tffaof of iron aa tb© tiootrloal 
c^ntootlrity of eopjw Ms results iippo&a* to in&ioato- that 
!mppm t i l l  diooolvo twfcosoa §#i sal 0*4 per oest of l&m is 
tho s o lid  ©tot© a t room tt i^ e rs tu ra # *  imes reMso&tly# C lo ills t 
{€?Jt. Is a &»a£r&l ?etrl®«i of th© «httr&ote?uu*8
of eopper sXtap* lisa stated ts$$m tb® authority of 
m f& t ttist toppst* 4i«oXif$o §*§ pm msii of • Im n  at Xo5a°o# 
ml D#$ par test #t ordlmi?y final!!'* Bxxmmim )
and oeem&an C-tQ) fouaa th a t tft@ ah » la  oopper from IBs a lo * 
»‘;£*tatx© im lh$ pATvma^ tlo atata upon ooM^ tiaykiss smao 
soflisr la &m to prt^ l^ ititloa of tos* They also &h©« that
lh  s u o o o f i lb i l l t y  a f t o f  © o X & ^ r& ia g  is  Oep&adoat upoa the  ;
*4I m n  m n t ts r t*  t t  lm ® t tap to  i* §  % 10 par ©<mt o f iro n * aa& : 
It mm •obsotw&d olio to myf «Hh th© fitlt stifeOi.th* whosmoa 
ilia iOioeftiMiitT of tht «yj&o$lod aatcrlsl wm t®$®pm&mt of 
tli# faroa ooBt-tsi iM| fafthorssor^ # did aot eh&t&go with tho 
flsM rtjreagth#
It «ilX thuas hf tota that auhatoBtiol ogrtoaaiit oxJUtt 
ss to ih& solubility of i*o» la mppm sal m  to its vayiatioua | 
with trap^utur** It »IU fee clea* sleo tfc&t slloys ooatesiaias 'j 
boteettt efeout 0*14 prr eo&t sa4 abort- 4*4 pep ooat of iroa «lll 5 
"ahitnit s$e«\ fdmlag* hat that 'those <&rtalala& Xsee tiua 0*14 ;
jg-r eeat o f  Xroo w i l l  ao’t to this twotaest* la  vie®  ■
o f  t h e  u  t i o a ,  I i o w e f W * of faaaaaa s a d  Cel&ea that the*  
solubility o f iroa l a  eepper la f s r i  mab Xowr than the v-oiues'
1,7 .
reported t»y Itoaaaa &a,l BsjnI* Itouor, s/crtoa, eo4 ottw r*, I t  
bus tx«en osastfiered «lestr»t!le to exaaiae thu wiioys ueed is  
t!ii«  reec.raS for U tM X liy  ia  &g«*h;,r4ea. Z ir  iro.a os at eat
■of thzea a lloys, v ia* 0*3033 to 8*0043 par seat, «ws o ff era' !
as to  iMQim  iM th  r ilia or
tvm & im  &&& Owlsrn #&& ba r t - 4  %  Ay « £ a ^ ^ & o s ta c
within the 4l#pijt©i llsitt of
mimm from  a l t  t i n  ma®4 i a  t h in  res& ^reh  wcro
lmtw& to 4l0aS« for mitmtm  ani qtitnehai la  o&ia tm e r*  
Earistss war® th m  m lm . the
Vifl&sTa Vft&e&ML f*»twr €&& a l&ad of 3 Igs* S lsU ar
hsr&ne&s fet€e^ lfPtloin wero *c&l& after period of 1 d^y* 
3 i& f%  f  4 ^ j%  a a l  IS  ia f a #  A l l  a p e o to ts a  w a rt tfcwa fctinealed 
by rehWiitttsg.tw 0&>°S* for tee toHF « d  oooliaf, in  tin
tim jm m  u% tfxo rs t#  o f # 3 *  per M a t s ,  ‘tfcw fa u lts  o f
thnm  iotomimtlom beiise giyes. la the tali,In below*
ITleirtrs Pyro&td Su»»ral
fow-Oityeea. serlea*
s t . m ,  r e  0 *0 .»
"  0 ,1 0 3 , *  0*00*
" 3 *9 3 4 , *  a
"  0 * 3 3 3 ,  •  0 , 0 0 4 3  9
: *  0 , 5 3 8 ,  *  0 , 8 0 5 a  M
iimwih®0 After After After ,xtca
3 ?S:y3 BSys
1 «#7 d * i
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7 83*4 m s
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41*9 40*5 48*0 41*9 
09*© 09*3 40*5 4 ^ ,0
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sMtsfflsfam #*fto r sst t  c t" t
1 i 7  5 d / *  ? teya  13&*a
a i . i u » » J  Q . 9 D 4 0 o 48* a 8 3 , 3 ' 33*1 37,1 4 5 , 3 41,1
« » • » ? , n 0,0040 3 41*1 4 1 * 3 4 1 , 3 3 3  , 3 4 5 . 3 4 3 , 0
a 8 , 8 M , * 6 .3 & S K ) 6 3 3 , ? ■ 8 3 , 3 3 3 , 5 3 0 * 7 85,0 3 2 , 7
0 * 8 0 3 , * u , 3 « 5 3 0 3 4 . 3 8 3 , 8 8 4 , 5 S 3 . S 3 5 , 3 83,3
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If will be #teas*fo€ fliaf bbere few m  m  urablo
I tmr®m€ in tm f^ m m  after M %mm®* t®o of tfee sponte?ns* Is 
f w t *  i p m t f  $os* § i M  I |  w a p e e U te ly  0#0040 &m
CI*§04S fer neat o f «*MMt in terlaw®* *Lffor
f i r e  ta fa  f t e  a l lo js  g&oft fin im feo i& fc ils l otessn I s  te r& n oa t* 
te l oten^o &e te?t to & nmell &£dre&$e#
4 l t t r  f  4&fi« ^ r i l f  te *  i  a t e y  ©antelniii-;:: m  m m p ti^ '^ lX f  h ic h  
m ^m n o f  Q#ia© par e-smt shorn ^preeiafele im ^m m
in ^ i|ineiS| but as tbia $^rMe$i&r slMf falls -I \ i n  ter4«* 
m m  s ftm  15 fe fa t iM i  lfiareuac mmmt fen attrlteted to & 
p^r^aoBi &$e^£r&o&is$ ntffeet* fte  re&nliit&g alloys after IS 
& 7» in r^«*r®4 iminteia th&i* fetesw-3 vaiac** Mter- 
^ e* l in g #  tfee te r4?w jeea a re  s m te te i f la i ly  t t e  outao m  
im n a is te ly  a f t n r  ::»an^iioa#
fmm Vt&m  espa rto '-n ta  I t  Is
&li!:m n &m lalttl^s a cruXl porfwi » a of lroa# V,i.., 
ci0 n a i c txM M t ^A tm t% w iB t i t s *
. «****
i io #
u*m xTr*
In  eeleotlas -  motto! to r  ttm &t 4easU lw
t f t  a l ia  w as t o  f t e t x r t  a n  a o o n r w y  I s  r ^ d l t *  o o ^ e - r e M o  t t t f e  
that ofetoi»e-d in  tlx# m t& m tv r i t f  mrnmmmntasf luixAgr
v«SS per eeat* in  of dar tfest oorreiaildm isle hi ;uter be 
a t t r a c t e d #  f i l s  p r e s e n t . ®  l i t  t i e  i t t f  f i n a l l y  e t n a ®  t e i s i t y  
€ n lt r is im t l0 s s  a f t  f o l s t i r o l f  ssuol » lis§ l© r w 4  la ss  la b o rio u s  
item ilisst o$ loot m n & w & iv t t f i  in  f w t
ofsiieB la for tfeia tarpon®* 110 Jiydro&t&tl® 0#
ufitt* aodlftoatloa fey i^ertoa anoi Ws* ®&s 
aoeordlsyiif ehon&n *n i tlx# iicpSII employed uas- tifeylaix,© 4 i*
t i l e  feel" s linatast on icxomiBi of its  re lu itre iy  hl.$k 
i t n a i f f i  I t s  lo t  v o la t i l i ty # © M l i ®  low taspina effeot dmrina 
stlhfeinya# i t  in  &t *,tedt fe0to«rt f la t  othm  liq u id ** notafely 
# « r t i l f t  ao ^ le x  m t% Xttn  tn B fe ts f# B f  &%■ lo s t t  © eas ily  
aattsfsottiry in  ttm m  r#sp«ota*
t d r l i n g s  u t r ®  m&o t i r o  a f e 'm t  t o  0 * o i o o i  y r s w t  b u t  i n
o o n s liB fe f Ion. o f  tt©  ie e ire e l a®oafa#y te iro  feean re p o rte d  to  
0 a e * t e a t &  o f 0 cOlllgram* te llfe rs fM  w e i g h t s  *ora employed
and tfe# w< 1 HBga iar© ?gud© fey t&e mth&& of o&ollletton* f in  
m ie M t #teorr?$ w@r## tfeerofcirai aootirait to tlx# fo u rt!  
ia o la t i  pln.©©# tint® s m w ? in i an fcoour&ey o f  t ie  order repaired* 
H » t fo r ttm  ie te r iilm tio a  of tfee doasiff o f & aubotuBO©*
Ill*
Wr it fe® « m l M  f a t$a
a.re oeoaettof?* tetl?, fix© woieht of a given rolus® of tfeo
sufeatoim tea to fee found end* etc^MXy* itei of on equol 
vaXom o f wafer o r o f  a l iq u id  o f .kxma fisasity# In  the JSy&po- 
eutle Method featfe tfeeso obmrv®& w©.|;trlo oc-od the &.ppXio;*Ua& 
o f  o e t ts ia  © w re o t io m  b e fo re  m lm & lm im  o f  the  tra a  te n s ity  
© n fe«? me#©.* os<| t h is  %m. I r a s  ^ fe t t te r  tfeo miVtma fee tioef, f a r
w 'OiTtBrf the teo&iiy of ifee &as*>:?ite& oolici or thot of the
liquid is eMob it it Immerses*
l e t  M %# -ife tfu ®  sen t o f  this body* T I t s  tru®  m lu s t  
eM 3 %%M ttom iftm iifu f&W*, I f  fe &od if ier© r e la t iv e ly  
Its obsi&rrMt wetyifet in els* wl Its a rr*®& waiyfet is tfee 
llf iili ©aflfjrtt
Si *V*a * t ** hgg m W (X ♦a } *#«•****.«*,*«»*•(!J
wb©ro © is t&n tensity of tit* st t&$ t * > yalur® ©n4 preaaar® 
-of the detomimtion ©a# fe ii ttet of the fethw wal-feta*
!t i f  1 la t i t  tenuity of %tm liquid#
II - ?*1 * 0  <* w*g, * w (X <* a )♦♦*.*. »«**••**#*(§)
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nitlxl* taona o iu 1 m M m  far btai tlo^Uoa end rttuoUaa
o f  #r#a t V n  n o t i i i  1# A l i o  tao ie m l ie  &trsG£fih o f
tta noiso nftein/n spMMts a sliiilxr #is|ifOfottlon#Iltf*
In  llio ©erio* * tko rooult# oix aors> eiffloult
$0 Interpol* i;% icntlta etreagife* tfee toluca riaa
f f t im  I 4 # i i  t o n s /  # ln *  l a  th e  n i c r r X « » & re  a l l o y  t o  1 4 * f i  i m - /  
s o * la *  i n  i t a  f e t l  /  e a r t a i H a c  0 * 0 0 0  t a t  e e n t  o f  t t a  # U o / i a e  
elewnt* fMt aaosato to m  im tm m  of only §*B par cent of 
f t a .  i n i t i a l  f e t a l *  o X O f^ & t ia a  f l : , u r t o  r o f e o l  e n  f r o  a
# 8 * 0  p a r  m n t  t o  S l * o  p e r  t o o t *  m  fey o n l y  0 * 3  p e r  m n%  o f  tfee 
o r t c i a & i #  t ft fe ile  t t a  l a  r * & * U d a  o f
ivree to M*§ pm ttnl* tMi 1% fro a 60*5 por ®<mt in
1 S3*
th® t insXIo-/f  to 64*e « r asut is tisa ©si»fsa**
p o tid lo : &IXoy e>{ t  In in a  tlw  iausl^msi j* y < r r ; t  ., e o f  .ftlQ&eX*
In tills c#rl€a sttsstion ©of fca ii»otc?4 to speolasu 
-:o# 3 o f 0#V>£* m r  ©e&t fitakoi#  .-.11 th ^ t Is *
aorimua ®tr®t>&9 elor*^ ’t i m $ &?M m 4 m t im  of z p p m t
Im m r th m  wmiid hm oxj^stst Cfott tise fea^rsl infivxot of tin 
n to te l s tM tlo n s * .  In  f t a #  o f  th  1 f«w$t* Itow frtsr* t t o t  t l is  
o^fma.poB$lns ¥atess for ttin umtiofod oo^ per #^ ooissn la th.nv 
s0.ftss atrt s< 0 *Utai.t»lfJt &a dsfcps m M m %  cPiter tfcan tts
"1 ffj^s fi -cydp.nciits 40 aot &# dllfitmit to
Interpret!* Sf m t ^ i t t & m  liot S# osiitsiaiac. Xw
#onftnt tut ittli « staler ^MiUon* tMs
.s,p€fi po;,aa:*&cx> inferior sat t^rilamlstif as
jvr jrfl* ir to o n : . ' ; *  elox-fciua s«o uttl vto $tres*a si ftftotusr®# 
flila it* %mm-3§ uto X&flwsm® to  %%■ ol3aer?eif ihro f^ious the 
t m  s0fls«t. #&$. It *u:xri-ts ttut tip#n u M i t i m  of s o^rtsln 
gilnlsa^  m m im  of uloitel ttis infissncit of o ^ n  tooo^ fii 
let# hsrnfuX om to  t M  t& m tl®  p t  * » sties* tor *. $tsnple#
m ^ w i m  B pm liom  lo* X mltti sfsotoa 110# 5# tsa Xsrtsr* 
tftltf! o m to lm  s .oafam ooniant* posssases « Melur
t'fslln ..tr-’trt?** « It- - >,tisnf . 1x s^ duotlon of .**-• In. $*».*«• 
I^ Gflnn# eptelsems 110$• i  sik! S* $&e& soatsi&ias a*i30
pst cost of El? * It ilis Ins,* sea in properties otfcsiirs& sro 
$o‘rfcaI^ cli|<Ilnrl.|, Issa# itits Is aasin ra.^ ©slad ins
Ills If0 sllop iltft s#2/0 pss1 O0at of stain,X# &.t;4 with- fartlnf 
a03 I t  loss of fililcsi t   ^ thlc- aTiOiiat ih t  h i h**0^ .oa © llo fs
d e f in ite ly ' inferior as aootilttp* tm
ejmote^af aliofsa with 0*3x0 <i$&t of r&o&ol a _
third ossmalo o f th is teodomj# -
,* mop\:ontBil oopl-^n^tlon f o r  th©ao o&o sm*tl3os -tm  ^ 3o 
&$¥aftcv&t I f  i t  is  omsmaecl shot tile s#4it3.#a of ulQMoX Xq®vT& 
the m V o M illlp  of ©ii.proaa tnldo la  ooppaT* tho fir st -sffoot of 
a small m o lt  ho- to praolpit-t# <* l-rp«r
pm pw -ilm t of mi vooonst of i t s  own © ffeat tapoa
iSietllttr t.hi® pm ’p o c tf lx  to, tm tfL tin a  a lio f smM he 
tapalwi* miWmM t h m m m * m m im  a oorr p© tin teoraate 
in tfmsltm 'itraagt&f In fa#t# slacr %h %>i»> $0 a ^ori^o 
rsfOals that nl#h#I laersssfei teth thn teas l i e  strength sad the 
dfietlXltjr* the ©oahlrv’4 of a lilie l o.ol oxfe^a wouid
he to pfotriie ea Irarm^e la  the to a slit  strength* together 
tilth e na»es^ecilae laorssaa la  ttm  daoHiit?* ®MoIs tto&M* 
fecwwer* ho ie^tooxJ unidr lee Infl'Kaeo Of the, o,tMe gr$~ 
e lf i t e t e i  f t *  i .jia iioa*  hith b i ’ k*-? Hlalsol c^stefits* ttir 
aoiuM lltf of m  r *•• ©.*id<»t »t is  ssopsttci* is s t i l t  
liirihsr loworsii ! t* iho Un>ofleiat sffeots of . the wd&Uio&st 
riicfn i  la  Isftw lfig lissllX itf ^ooM then eoaxtermot in 
liioreeiiiaei or » too e^hrittilag e ifta t of aside
ilial i;:iom# 0, - LOatlf* at a mwtala a itiim i addition of 
nltfeel* st tiM-aa tha eotoMt ot&ida eosl&at tioula h$ ' X m m ttlo lo tft 
to relat tbo f fa s lie  s ir  a t *  ttsa two a#rleo soold pososaa
oausl ’fslBss tm  teaaila rtre&£th* sheroea %ho &mt i l l t y  
of the? Mgh<isfisn sorlas «mtM hoslo. to show lower T^Xm&
im *
then tha m ttm pzvM na allots* if th©&© <s&jxuaa~
ticms a-r© oeaejOUMs* thea tt*a prw&eat results eirgtrmt tin t 
e|>|5roi:lamt#lf 0 * 3  aont. of nlo&ai l o  tho o p tU m m  &smmt  
of nlo&ol- aoniM to affeot t&ase oh_.nk;:o la $hyaio«*l properties 
i t *  h o te r r r *  a laM o l In  ttma« e s io ll ^mounts Is  ospoMo - t  
lowering p^preoi,iM.y %tm aoltiMlit? of oupraua o&id© la ©op.,..or* 
It Is to be 0*of0t©4 that for Xlisa ©gifgea eoatoat# <*& 
la treoslngiF  lUrre om ai of oaste© lao te lo ao  obouM b#
©h e-irot to tli# iil©roafroetmro* I t  is  aot pmnibXn to obtest 
sag- amoli e&&o§a la  amustete* sa l for th is  ro^&oa o^afir^ itioa 
o f tiu* eagrf - t e , a plefiitioa os cot h© o f fared fraa  ssiere* 
©eopie einM satloa of IB# speeitaena# i t  Is feao«* aetefife itoo  
th a t the- s o lw M IIt jf  o f  ouprous osida in  oep^er 1$ lowered b f 
•addition of alcin 1* eai i t  I® also team  that the e&aroetcr 
of the tm l&slom to &lier«4 the ptmem® of Me&el* tmt 
to i t  e i t t s l  th  a ©fjoagso or# brought shout hg the i^tmeaoe 
o f  1 ttn is  o*5  p r  a ta l  o f  a ic fe l  In s  no t f-ot been 
eoeerotei^ saaertoinod* m -altamutlv©* oo4 ee^alagip ®or© 
oxrrcot c-'JUa-lio*1 of th .0  result 1 Is mi* how^ira?* been 
iairodueed la  ceatloa 14 m  t&e o&eta of $rai& also m$$ur©* 
seats*
Arasler T o rs io n  T e s tin g  Machine,
*
cootIon 13*
Ton-.-xoEu, H io im r iv x *
i o m ^ t u s *
for a “BaarcKsootis of the forsioi:jo! p ro p e rtie s  of ttoeeo 
u l la f s *  the  tra ito r  aaotsino fe e  o to lla to le *  u m  n lvm ®  oe -rta in  
oosinoatlona m m  n'-oemsff* o thort dosorip-Uan of the
oopofo tua  saof too lim ta le li#  • .
i  $KK&ln& o f  in© typs  tm p ia je d * w ith  a 1 aoerte-4
for ti®#*. la illustrated In tfes ooompoaflna /tooiocreph* in 
ifh loh th e  p ^ l m l p t i l  d e ta i ls  too «$en» She o g e e te a  t s  
grippal between iaot&ei m £  in gripping heodn# tfio 41 sfcunoo 
between t*i 1 to#lmg adjtiot&tolt oyer & dlatunoe of mem to 14 
In o lm #  l a  tbas© e&peri& eata th e  apeete-ns w...re 0  % mU*&  long  
oBd |  lnc&  l a  d is a s te r *  t& e  fj&ucfc le n g th  b e tm o a  the to rquem eter 
n v m  toeing @ inolaea* l a  tbo o r lc i f is l  auOMne* & m  g r ip p in g  
toes?1 woe e-3f*yM>? o f  toeing ro ta te d  to  ^ m ® & 9 t& sreby tw is t in g  
the tsst agae! > r# simple srra t*vani of &o&ra allowed IMs 
bs&d to toe rotated either qaiililf or slowly so required* but 
aineo intaaticatlcma within the elasiie range fere priorily 
songlitf a #UU slower rote of tttUtlng w&s required la the 
present 'iaofoae©* lor tli3 purpostf & hund^ycreted worn 
&m  wtoeel reduction aet glTinr a tea to one reduction mm 
o tto o f iM *
•fto© other gripping hm& la fitted to the osia of «
1 2 7 *
poadutua# s&ioh m  stljusifbie m iC a i si lower ©ad#
flitti the ■speoisaes I® twist#it iMw letter g& lpp lac  hm & la 
a im  aa% in m i. lm *  thereby raising tba poa&aiau tm m  its 
oriclBsl trortioul position until' th© devicting m upl®  h ^ m a a  
tM  o p flit i t^ iitlE g  ooupl#* Th* inell&otios of %lm pea&ulua 
t t o  prwl&eo a msamr# of %fm tw &w  * 1 aos&nt united* the 
letter 'being: irat&sMttei to a. pointtr t&l<& reoor&s the sow* 
Qemi on a rtfOiflng 4im* Btfor# use tills dru& wst to
I t  w i l l  be olooj? tb s i *s t o t  tbs d e la t in g  eoupl® o r the 
r  n lu lu s  depends upon tbs ns lsh t o f the peM ete i &M upoxi the- 
he lijM  o f  i t #  centre o f  the ^ s s i t i T l t f  o f  the mtihXm
ooft Is# m w l^  0o iw #n l^atiF * In  the ^ chin© sdopteft fo r  use* 
th is  g&ire & m - m l t l t i i f  m m  « torque r^ngs of’ 4*8
to  #a foot-pounds# th#  fU ttfiogfsjMo record ing glv^s
sn&nti a lso  fo r  ?^ >a#ufiag tin# m^U-c .o f . e v o lu tio n s  o f the 
e ; #1, i n « t fr&oturo#
fb« ftMuImsi eni recording. &i> f tus «r@ munted sna 
oarrl H,e ifcuft oaa be imre4 sIobc the moblue to su it the length 
of the tfffmlsmn ttM#r teal, on& In &d&Uiem* cassas sro proyided 
far esslFlag exisllj to the te*t gpm lm m  a. zm^Xl *&£ prsaetir** 
salnod l o ^ *  The o b j^e t o f  th is  1# to  sto intala a eo&dltiaa o f 
tension in t£$? specimen throughout #n e&serimwnt#
iwr.wyfapwtoi '
The eallferatlne (iK^icf'issst m pgli»& ®UJi this auohlno 
soaalats o f  tin aooarately fealarseeS leve r o f k m m  lea 4t.fi* ar,4
i$ t h  Septem ber^ 193$.
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3o30
Zo20
Cf ^
/O/O
20-0 25-0
■ D * * U M  S > £ F U S c T 1 0 r t  / / V  & I Y / S I O H S .
/SO
X»3? e a l l te a t ia a  iniypaeea. t h is  le v e r  is  e t ta c h e i to  th e  £ r i j® la s  
Isesd o u rry in g  the pc.cuSulua, Aft*:? saJuataKct a f the fcnaaiaa
to  t!«» re q u ire d  a e a s l t lv l t? *  e - l t t e i t a a  s fs ltM a  era ®|®Uc4  to
t&o p m  m apsaas i from the eset of the lewr, an® the aovesaat 
o f  the  paastatua across this fira a  s to le  is  a  *  „  M  f a r  
ii ia re s e iB ji l j-  « . p l ie i  t o r tu s ,  l a  t h is  am eer the  f o l ia t in g  
c a lib ra t io n  Sate o f ths  m sh la o  ssr® o b t» ta ® i be fo re  oa4er« 
t& k la?: the  sB&aur easai s re q u ire d  * •  
J-eaeth O f f- la rs o ln a  i,«’»«*•, 19.73 in .
t fc i/ 'h t  I n  to rq ue  I s  a roa  eos ls*
lb s *  lb s * * ia a ,  a ir ie lo a e .
a. - f  ,  O 0 1—•. j
9*83 4,S$ 9.7
v.*5j 9*77 U .4
0,73 14,73 17.3
1*00 10*78 8 3 ,3
1,83 84.59 83.0
1,33 89*74 34,7
1.73 84*34 40.3
3*00 89*43 55,0
1.73 94*94 40,3
1,53 £0.33 34,3
1*83 . 84*7® 83.9
1,00  19*74 83,0
0,73 14,74 17,0
3,50 9,77 11,4
83 4,30 3.7
39 v*0O ..*0
»
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W m m  t h & m  o & l l b r & t l o a  f i g u r e » p l o t t f d  i n  t h &  & c o o is »  
l>aa$li:sg a for,ua of S9#.4& «*!&&# pray 14©3 & &raa
& ® fi# 8 ti© a  o f  4S#a s n a i l  4 i? is i0 B B * o r  ea©?i oarrea-
pon$.% fa  as .©j?|dle«t torciu© o f  o#M ^ Xba**4s«#
S m m a & a t*
The fm qum m lm  to t  mm ®t %m
stm t &lmX m m $ ©-a«h f l » l y  la to o  mXtar tot
$tt&©hsa©nt to the b f m o m  o f a m t m vm *
effeetiT© l.m.£$h g f  ®mh ®rm iI*od Ins#* fra#
fh& os is  o t  th e  la s t  apeelmeis* to  cm® o f  these erae f t o d  
s t r t io n  of steel stole dlfllnd into hundredtha of os lash 
oaa m r^ o €  to the ehciTe x&4Xm * f t&  other- u m  o f  ajuiiiX&r 
l^ r c lh  tmt h ta t &t m  &$pr&pptutG d is te im  froa  th& wpmlzooa 
to tw rn  & l* :n £ th  to the t©st«*pi®©3# w i t h  i t ®  estPemc
mtM a!mttia$ ttm ©o&Xe# To £&$iXlt&t© the roodia^
Of twist $ this mm mm I |v r*X to $ lmife*Mt4se tif gpiadia-;* 
fim difiitd stole &tt&©h©4 to the otllep ora was 3| in* la 
length* it ©oXtialotei, fhot nhna s|>saioe&s of
|  in# ti&sttts* thi© Im g th  wguM toe ismffloient to r  
w ith in  the elseflt iportion wt fbt s tr to t^ a tro ia  di^ srom*
The r© & u lts  f o r  «&©& s j« t a m  l io «  bw u  d t t e i ls d  4m the 
.0:©ecimoeigr4sg to h ie e *  iM #  from  the «ut&o£0?opfii© poeords# 
graphs sh©s?Xn4 itm  e tre in « *a tra in  d ish o rn  fo x  mgh epo^im a  
Ito te  t r o e e t*  f ro o  the  le t t e r  haire horn m m ored o©
o o o a ro te iir &» ^ose ih l©  tt®  to ro m  ta lu k s  « * t i l a  X i& H  o f  
/p p o p o rtio a e X it^  o M  th& ©orfeeponding slroa®# f s t  i&  !& $ • /  
iso*la# ties beta #sXtulet#i else*, ttie tt©ll*£usft?ft formXfc««
•f i ■. fr»' •
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•to o v o
m  * n ic k e l 
Contest# 
p e r  e a s t *
■ l i m i t  o f  F u  
' M e a su re o in
il3&* ~ lh s *
^ o rti.o g a l. ity
lwrE E ? e is T * iB  
lb s *  per 
aq * in s *
- T o rq u e  a t
■ fra c tu re #
■ in s *~ lb $ *
tuvm
to
F rac tu re
Torque p 
raatan 
lb s *  -  ;
U ) gl^k-Q gygan a e r ie s *
0 x i i 16*0 5#2§9 108*91 25*98 335*6
3 0*107 16*0 6*234 101*13 21 *00 355*5
a 0*204 a o * i 6*247 102*0) 23*15 331*5
a • 0 * 3 0 3 21*5 6*762 i n  *97 43*14 412*2
i i 0 .sos 23*5 7*399 107*98 29*90 420*8
|B ) %&w-Qx&mn .ae ries*
1 n n 1 6 * 0 4 V9 1 4 9 3 * 4 3 15*80 334*6
% 0  *10-5 17 .1 5*315 97.87 2 0 *9 0 364*2
7 0 * 2 0 4 1 9 * 0 5*975 105*58 3 3 *6 4 590*3
3 0 * 3 0 3 2 0 * 6 6*479 166*64 3 9 *1 6 404*3
10 0*507 28*4 -7*003 1 0 2 * 8 4 34*23 416*1
iMiHf ‘ OafleetlOEi Italians Milsio&s 1 1 a . I n s . UaadlBti 3@rioctlaa Radi
1 * 8 0  ' 0 * 0 0 0*8 0*8 0*0 0*0 1 . 5 $ ' 8 * 0 0 d<
0 * 0 31*74 0 * 1 3 0 . 0 1 5 0 6 * 5 0*3 5 * 4 8 1.73 0*16
1 * 8 8  ' 0 * 3 0 ■ 8 * 0 8 4 0 10.3 1 8 * 5 8 * 8 3 1 * 8 4 0 * 0 3 0*01
a *0 1 0 * 4 5 8 * 0 3 7 4 15*3 1 5 . 0 1E.8S 1.S7 0 * 4 3 0.02
a  * 8 0 0*84 0.6933- 3 - 0 * 0 l f . t M.OT a*ia 0*53 0*04
£*4E 8 * 8 0 =0*0913 8 8 * 0 3 4 * 0 2 1 * 2 5 3*37 3*71 0*02
*•67 1*11 0# 00£K5 30*0 20*8 33*54 3*44 0 * 8 3 0*0?
3.00 1 * 5 3 0*1873 3 5 * 0 3 4 . 8 m * e z 3*63 1 * 0 7 o.cc
3.08 8*36 0 * 1 0 8 3 37*0 36.8 3 1 . 5 4 3 * 0 4
3*27
3 . 5 3
4*00
1 * 4 3
1*71
1.07
2 . 4 4
0*12
0.14
o.ie
0.2C
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R ss ilE g  ISefXoetien- J .** %*&-,& -4!b9 * Lfi3 * 4XX0 #
% -Sf.^  4* * W6i' 0 *0 0 0*0 8*3 0*0 0.0"»■ «?*% JL.ir<*> 0 *1 0 o .a s s  • $ .8 6 .3 4.m
1*73 0*81 e-.CECB 4.8 *0 .  #S «S* 8*83
1.96 0 .4 4 8*08-30 10*0 10 .5 13*11**s % ^•&? #*2*i2# 0*60 0 * 0 ^ 9 20*9 a o .5 17.40
*5* frViJ' 0.00 8*vj710 88*0 28 .3 i  artW Jb 0XJt^ j!^ TR■^ ,0 *&&'** 1*63 8*1355 20*0 20*3 25*11
^■*56 0*04 0#1§90 80*0 ■ 38*8 28.97
4*00 3*411' 8*2063 80*8 3 W £6.05
Ee&XXsg :$c flee t lm 5l
1.63 0.00 0,
1 .7 6 0*15 0,
x*aa nw ♦^w r**» 0.43 **V
S .IS Ctf* 0 ,
2 .59 *•* **m vj*. # '< 0 0
5*85 ■ ir f>«*l& it 10*+*0*P i);
3 .50 1*70 0,
3*69 2.C9 0,
4 .00 2*40 0
Ho* 6 . • mns'cnf nnrrnr, -w. mn wrflg *1; 1 HO# 7
AppilM  Torino* fo r s i cen ter*
n^iii^mntxiy.jdp-aKK'innm.w»«»imr«wrniinwrnur inn,'n>miBpinw» «BsiBirtW!i»MW»!j»» jL. in i’v—n .mi
Soaring &&n&Qtlm Eaiinoo tmm> Divisions H o* Isa* leading geflcotlca
2*so 0*00' 0*0 0*3
a* do 0*00 ***•*»v**W w- 7*8
a*Eo 0*40 «  <w«^»nr M*3
a #4-o 0460 #■=» ."‘t;. -i-s <£yfc #«*
a.ao ' 0*00 0*0005
2 .S0 1*00 c# cm 32*8
3*00 2*30 O*0y 8^ 33*0
3*g0 1*40 0*2164 30*i
3*40 ■ l.SO 0*1230 30*0
3*00 2*80 0*2496 ■ 3&4
3*80 8*0© 0*2000 53*7
4*00 3*00 0*2359 *» <+%■ ./%
0*0 0*0 2*53 0*00
9*0 0*51 2*65 0*12
24*0 20*00 1*73 0*23
32*0 23*00 2*00 0.37
37*0 33*14 2*50 ■ 0*50
30*7 00*31 0*19 ■ 0.66
38*6 38*30 2*40 0*96
35*3 m jm 2*55 2*02
37*8 «r:> 2*63 • 2*09
sa*3 33*74 0*73 1.00
38*3 33*90 ' 2*80 1.33
39*0 r*r?i» * aflj 3*05 1*50
3*25 2*70
3*50 3*09
vmvmtus costs*
Bpm tm n  Ho* 8*
A p p lie d  to rq u e . 
H l^ is io a i  L os m^uib*
2*65 8*00 • 0*0
2*77 0*22 0*0092
2*39 0*24 0*8200
z*m 0*37 8*0303
2*14 0 *49 8*0407
3*38 0*0$ 0*0524
2*41 8 .70 0*0032
2 .57 0*93 8*0705
2.39 2*14 0*1032
8*38 1*73 0 *1433
4*03 2*35 0*1954
0.2 0*8 0 *0
5*8 4*8 4*11
18*8 9 .3 9*40
15*0 14*8 22.68
30*0 19*0 26*77
25 .6 25*3 21*63
30*0 2 9 .  a 23*54
35 *0 34*8 29.82
40*0 39 *8 34*22
43*0 44*8 33*39
49*3 49*2 42*06
Speois&n Ho* 9
to rs  ion& atar*
1*48 0.00
1*62 0*13
1*74 0*26
2*86 0*33
2*99 0*51
2.22 8*64
2*23 0*80
8*54 1*00
2*7Q I  *22
2.00 1*32
2*95 1*48
3*16 1*66
3*33 2*90
3*64 2.16
4*00 2*52
mX feaa&&}i m.mwnifiwijwimir.^ijwwwfrnmiit n«WM rt'« ffjainiumwuwimitmwi.iii—piati^ ^
Bmeirmn Ho. 10 .
f  m n i m m & m
Sm vlm n  ffo* 21.,
m f c r s io im t e r
le ad in g 2©£I@ etloa Badl&ns IWWi Edtris iaso lb s . in s * Heading m t l m t l m m
1.67 0 .00 0 .0 0 .0 0 .0 0 .0 1.57 0.00
1 .79 0.18 0.0000 -5.0 6 .0 €.88 1*63 0*11 8
1.80 0.23 0.0101 la .0 10 .0 8*57 1.88 0*83 0
8*08 0.35 ' 6.0&91 1 5 .0 .16*0 18.81 1.83 8 .3 6 0
2 .0 0 0.48 0.0519 I f  .5 17*3 15.00 8.06 0*49 0
£ .1 5 0.43' 0.0000 80*0 £0*0 17*14 8*83 0.80 0
2 .20 0 .08 8.03X5 £ 5 .0 £ 3 .0 81*43 3*43 . 0.81 8
2 .36 0.09 0.0574 87 .6 8 7 . 5 83*67 2*84 1*27 0
8 .4 4 8*77 0.0040 3 0 .0 /&*» yf}.#u 25.71 3.03 1.41 0
2.51 0*84 0.C60O 33*6 38 .0 87.04 0*30 1.79 0
2 .61  . 0.04 0.0731 35*0 55*0 38*00- 0.74 0 .1 7 0
2 .7 8 1 .05 0*0873 37*5 B 7.3 38 .14 4.00 8 .4 3 0
0.S 5 1 .1 8 0.0031 4 0 .0 4 0 .0 04 .28
2 .0 7  . 1 .4 0 0.1164 48*5 4 8 .5 06*48
5 .6 0 1*03 0.1000 4 5 .0 4 5 .0  ' 30 .57
4.0O ■ 8 .3 3 0.1040 46.7 40*7
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1% Is tb® torque in  Xtm+lm* ®m & la the
&l3»ter Of the sp -^ei in iaelies*
Ow* the el.v^tlo portion of tho atonr** oht&ioad# f ilm s
of tepqu® the oorre&pondiiag tw lut h&iro haoa t&hen for 
oolmaXsiioa o f th© toruno per r&dl&n o f tv le t # wsd tM # yaluo 
tmB been tried in emh l&at&oeo for daiMai&s the i^ilolas of 
rigidity# 0 * using thfc oat&blish^d formla for & solid
«i>e0im€'E| n
,, , fc i m  .« S 5 « &
7T2 ,  6 * #
in whioh ll| It the torque Is il#**4sia.# for & ©orraxpMliis 
twin! of ## l i# the i®nge l#&&th of the &&4 4 it®
4i&m%m  in  isohe#* E l l  th e  m & i lm$m-%m:% p roperties- w ith m  
the tla sflo  lladt of *-©U epootou &*y» bm n  tabulated* <*&& 
the yalam- o f © h&ye been presented la  eroph&d fora el©o 
throur’fcmt coeh series of 'alloys* to oooploto tM ob«ery*ti0*i»#
i im  e^uiiNl.d&i atmsiiti in t§i»/^ t#ts* at -fr&eture huys been 
©oXeulfcted* iM et mtxm% eluo being plotted#
for tti« anrlon «©&& latino of &lloy& with im  m fm n  
eon*out*# II will be observed that there has boeu & progressive 
iBOPt&se 1b s l l  the ffO ftrtlai# both assured aM e^ileul^t^d# 
with addition o f mielctl tto&ii ghoul tha raisi^ examined* Tm 
graph obtained by plotting the torque per fioerse of twist 
egs&ast peroeattigo. la  m%$ hooey#r* 0 s t r a ig h t  U ae# ■
nor i& timi representing tte  e^leutoted &tr$se at
131*
t o i  th o  m du lu #  o f  ~ p ro p e rty
im oX tin :, f  ;yroirM a§ a o s o o iiu r  o u r /* *
TJ'iiii oleo Is ml £.i oirsiyfit line rolAiiomMy# though wmp 
nm Tif so* -imi.lar mmiie ore obsor?e4 sa vmma^, ti^  
mo&uro£ proporlUoffeilty limit ite iii# ofimu&te ooFrmpami%;; 
aI tm B # tbe  la t t e r  bo lag fmry a ^ - r l^  a o im ig h t  i l m  orey the 
ra&$*. 0*0 to 0*&X3 pm mt& o t &ietal#
fi^ si tit lMl?S.to»l ficwsa o@rt.ido> tea o^ uaUem 
«EI><3-f myyofit##£ for by s;dXo$tac tiff u*SoB per of global*
tlio limit of ri^ poyfto&siiiy term&ea by &|b®o lbs#A 1&
t&e toi^ c, / * f?triem #f aUa;^  ita ropee *ite *.a i&ore^ a
of IIJ .^  0$st of llj# ®$t&%.mX w ^ m  in t h *  tmslXoyoi 
igj^ oimea* la a sdmllay neaatrt th$ m&ikm of rlsillty* Q*. 
rie«s from 5*il to §*3i a lo^  lbst/^ :i#ija*f or by* 10#f per oeat* 
flies?! o^taa* ooryo .>poai to laoroaees #f 1*1X1 Xb^*/V*#t&« la 
t!i0 limit of ;r<’orUaifelit'f* «a&fo -a i&orv^&o of X*?l a 10^ 
ltie*/ss#iii# in  mociuMs of rlgiaity by u lM y im  *ltb Oso per 
teat of Bls&dU tT*«.- eurw s^ yeste# tef ttee gates
of IfMrmee is o pEfefsrly muM m% in  1^1 lilaliho.d bo 
ateteli^ MI upcrn fwtlor slaitiom of tbo ,*XIaplzig <teaeaif bat 
ite naster of alloys boa oteriy mi bcei* sutflcteiit
to i ^ r m im  m v& p rm Im lp  tm  form wfelob ttese ourreo 
HOtiM tobt*
Ish-sn o o o m l l f r o t lo n  lo  s i t e  o f  tfm m lm te l iN l ®trooa .so 
frootmref the m attes  i&sm u l  t-hou&b m&*mX£om Inarm so
9by 04111 Ion of .aioJctl mp to 0*303 pm  oeat t but a further 
allitlos. of 0*S0t  p?r a@st of the alloying tlaaoat lowers this 
property rstltar aomiatrobly* Iteerlhelmo* oyer Urn first 
reties ©©atloms the oimmpe reit of ia®raa§o ua>u&t» to 1*83 
tom/0 .^#ig*f or to M#i per ttst of the ©rlrlisaX milm for m» 
alloyed oopper* Imwm&M is of the tsme order os that
Tmot$M& for
timing to tfe# &m?im mnt&lnim higksr pere©&t&£0.-3 of 
ooyioB* & simile? bcitortosf Is throughout the
§p#oimttia in roipn to prof^ rtio&uiity lisdt u»a sso&uIua of 
riet&ity* fbo#t msmudrtosatu potil# a fairly rogulsr 
whan plotted anoingt siatti ooatent# mm/t t&*t in ot;oh
Bp&plmn lo *  1 ooatfcia iaci OnXbb p e r oaat o f  a la b e i 
eai fe? esat af u ; m baa- properties i&foriQt to tboa©
€rxg>eotet#
t e n  Ih t iM i^ lto l'ro o u i'ta  i t  l& im m % that m e t  %hQ 
ehote t nn 1 Iho o imtetM ©treoo at the proportionally limit 
by f * & t l  lbo*/m*iE* t  th a t  lo *  by &5*.4 per coot o f  
tho Initial mlm tm  m® re# spools# fhs s^ ro
fundaments! property of 'rigidity o^tiiua im tm B m  from 3+31 
to 6*10 z 10^  Xha*/^* la** or by 10*3 per oaat# iaoreese 
«fei«h U  of the m m  order ae that ob&orv&d la the low*o%yycn
la making eoaporlsom bofwtea these tiro sorlao* 
oorrmotiom bet’t be . a imght on aoooaat of Trsyi&s o^ ycto
©rotost, m  tioa fceon olo© in  4iistm«isie m rlu ttk
oth©s? properties# t'uok ©orre^ tlono are
b tfo re ' -  y - n - r a i  fa** aX» ooim@ U&3 mamlus o f  r f c r t& t i f ’ 
©OitfOmtMaii o&n Ihi te to h iia fe # i!*  £f*e& t!ia  i t i o l t i f i g  Jaimes fa r  
*&<& i t r t t a  & o l& ti$ 4 # 00  In  i j t ,  t  *h le  i-,o; *~l * t e l f
o t r t o i t i  ie a m t im s  a.4s r to t r O t  tUo i n t lm m t  o f  
©^ $y®fi i*pp%&& Jtiotifj
10 o*ios 0*0X0
X lii 0*01*0
11 a*ma *«/7-'s in . 0*13©
i!it .firtt plooo* that far© *
prolmon ic i e l  0  s. i r °
&>• p £ on ; l p ' r  oast
$♦08
§*ax
■§.#.!&
0 *m
o y ? m u iiot20i f f gjmoi«i Ho* l f eatrtutii® wof$ jpesr 
e&at 0 f  tha  *arr/».$9&&l&g ^paoijaoa o f  t&o fci&h*
© x jry a  s e r l t ^ *  m m lp 9 3$« I f  oo a ta is#  © *lo$  pot- © to t o f  th a t 
eltetB’l* iM i iifftr e n tt  i s  &xfa©n -m m tln g  to
0*000 fio? §tist| oort^opoaio to a tlfferer^o of c*i0 m 10  ^ . 
l* b v # /^ * ls *  la  tmmlm  o f  r l s M l t f *  th a t tM a  I  nor
1:, o r /n o rtlo n ^ X  to  to t  OKjsea o o a to s t* a © a^a to t!© ** o f  the  
m&zim of r i y i f i t j  tm  m m ^  ^ont&ininy 0*0X5 p©r eo&t of 
cyOfoyn ho® hntu ao tt ond is io l i i f l t i s t  to X© 0*10 & 10^ Xfee#/ 
at*la* niatlatly*. to f ^ o i» n  Bo# 5 eo^ p&rafcl#- ^ith
t$P$®imn m *  I I  In  tin  Mg&^aygfca sorites* it  i s  a ^ im r i  to
’<::U
3U&*
tim  th© $p&oImn ta &
WiXttz m rr^& pttB M ng to <m oafgaa m m tm t «%uul to ttiat of 
alloj I%# II* '*&£%% oaXaulatio^a $&£& psoYid© t&e foXlo^ias 
tkooi^ ilosX ifal^ t fa# iif rlci&Hy la t&y tsso m z lm *
f!|y itaffla *6™* IMio&t&a a mC&Xoul&tod Ctisoretlc^X** iraXaa*
r p;oi;'©?* Pi©feel o *y % m  & & lo *
ro* j^ r  ©out i>tjr ©cat lo$*/$<i*l&«
10 3*33$ 0*0111 6,03
1  C f  i l l  0 * 0 1 5  . 5 « f t>  . .
t i t t ^ t m m  3 * 3 3 $  i l l  § , a s
11 § *5 § i 0«a?3 e , io
§ Cf 1211 0 ,073 5 * te
Biffsroao© 0*338 Jfil o,fo
fh im  trs *  tacnl o f  tt&e ?o.*.v&t6 t&o* Ita4s to  tft© w®~
©l&si©& t!iaf tlio laClseM# of 6fto of ttira© tm  i*&0©& eie^oats
m  t&* r l o i l i t f  n rfa ls* fc: *> l i t t l #  ©ffeet m^oa to,® infia$&ce 
of *?A*-§ la  fact# la m t  a o ^ t e t c i ,
fo r  i t  Is mao? itiat In  ® Hn&Ty  o i laj s e r ifs , imlaaa t!iy
tM # i f l f r : « t  ttk m ^ l t l m t l m  of atruotura
'na sm$& tEfla^noo apoo tlvsi ptifsleal p£vptv%t$% s&ouM result « 
asi tit© i^efo«trtt0tts!Po® ia not jwe&l fua©-**
mental iif f^ m o a ©  Istweem m m p l ■&&
#e£&#&3 t!» aacsarl-S of t!ia ost4© isolu&lo&s* Be fort t>is 
Oo&uotl&a os» feo eslalllatied* itfsmmvi i t  m at hu made-
XS5,
tin t far for . I z m l  so# i n  p.^rUeutar far t h&m
.v mr mania v iV x in  t\* ©L4W limit* as *ocur&<&y m  &rsuior 
than on© par ©oat 0 fee ©1 1 :i y» Uexm% fha me# efim® for 
t^erminal loin of © bi&her c tvra© of aeeufoey before ib© 
t f f m ti of tinea im tloacatoi eefljn femhnimiy **®d is mi%* 
jms0ti#s till! #m smllfti mm tn Itfisoi m?t ometiy*
©11 trtteoie-f boo Mtfi mde* * to siroiit© from
ill# ©%30rrel ttmult ■ .n formla toimaotinf ©Maluo
■Of f i f i l l t j  a&l nonomUien* ^ tm m  t i n  i o t & i i e
It is fbmil that an feiillllosal 0*0§o per eeirl of m$Qcn 
la m p p w  & f  MW mxfgen m n Z m t  1 m tm M m  tati® p m p w t f  by 
0*10 x 10^ i*s# %y 1*S3 & V r" Hnu/*3«1&« for m
d^itlots of. par ©oat of oaynesi, ai^ tioriy, & aompariroa
V * aftoimeou o * U .vr4 i l  staia ■&& l&ar^*&e In the 
irsltie of the rl";l4 ltf whiles esiomstlft..:: to 1*33 a 10  ^ lbs*/ 
ym*ia* for as sMitloti of oat mr osyr.n to eapyor
oontvlaisfi o*ff3 for eeoi of or && ©mra§t svor the
series tmsfieel of JUii x 10^ lbo*/«o*ia*
Is 0 simitar m m tr It 1© ieiiim# tint tin i*ddltlda of 
0*500 per eeet of alafetl provide© m efcineo increase of o*ao 
r 10® lba*/so*tn* la tin votos of fin rtodulaa of rigidity* or 
t*?5 t 10^ lb&*/$■'* #Ui* for every asm per am% of'olekol nM#4* 
fro?i these stlona ftn  rloiltfy of la
Is® t.bo#/m*la* for ©ay #f#etasa oithin the rea§oa e&asdnei 
tm f bo ©xpreteed ©©carding to the follow! Jig oiimatiooi^
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ir + I I? 00 IliOOtO } H" X p -
O f o a q r^ u j#
C&fed& tt$ la i& 6 tlo A *  © §^i0fts@  t h i s  f o r m i a  p ro? i& a  ir&Xu&s o f
r l f l^ l t f '  attuiuo *&!<& &ye of r#ooom;Mo ssouroaf#
I t  %m olso obsorftt ttu t f&es thm &>$uius of r ic M it f  to 
f e i i t i t j ,  t te  %m  0iir?83 to  o it& insa  <*£$ r & ir iy  
^taootfc &&6 ftio t t t i t f  &ra f o f& l i f i i  to  om **m%ZmT*
TUto tfo&i tti# ifio^e& e ti m M lm  of r i / i i t i f  found Is
i t e  oilojr© o f h itM #  -teas I t  sr %% -&m. i s  .o&rt to  ilio  ia
lOTotiff tiiltti t i t  oitsitios of &io&©X to ooppcF#
Ot^s f4 i ! ; t i i iy  imiiulm# ia  pto iioO  oc^iso t e ro ia  i t
is  gutft l i s t  t hM c w m  fm  %kn $orio& is  M&vth* I t
tsls# to  rapk&ssiuo ffm  fm% th&% o progressive* tsa^ase
in  ior$i©& mM$M® I#  *&i& is fo iit T^tim m &t b ro u ^ lt
fe tm t I f  M i i t io s s  o f B iO M it :,T. %h® hi&hKW ^oa
t te  i& is  i f  b ooof i$  s is flo |% 4* ■ ii 'o s  f  &ot« i t
lm mnaX*MX %h&% i i s  sao&uius o f r le M t t f
■©Stt#ii oogoai?: *iiea t i t  p t v t v  oiira o d iillo a  of aig&el to aopfer 
|#  4t|i* i s  r  .p t to  4€*or#a$« %u p o s w it f  is
pmt to  it®  CT«tiwro£iMJ8g
fast Ida M *
137*
:r,iAA¥ mu
la  t r n lm im  t&# rosu.it® of thia t o ^ t m  t&o faliortao 
m m M nM tm  ®.m
f l i t  mo^uro^-ut® i»4@ f i l l  as sppitotms speals ilf da&igaad 
to proiriJ# thor^X  aw duativit^  dotormia^tioas o f  aa 
&§ttitstf not l®aa lim a 0*iH par dost otc tabulated as 
fo l io s  t»
%  doifieatioa it At iit X.
« 4*00 V #
At Temperature 
X8O0O * Cae f  t  ic ie s t«
A* jasS ^S S S IL -iL tlm *
Hio&sl Sbaesl o,§ae 3,989 a.§3a
B l « * '  l  0 , 1 3 6 5  0 , © § 3  0 * § 0 3  0 , 9 0 4
I t l e t e l  0 , 8 0 4 : 5  0 , S S 3  0 , © 7 4  0 , 3 7 ?
K t o f e e l  0 * 3 0 3 5  9 * S S 8  0 , 8 4 3  0 , 6 4 ?
St§l»l 0*8305 3,777 * , 8 1 8  0,(581
absent 
m tm i o,i3 ©5
HioKel 0,3335 
I t e m  0,330 5
0,934 0,984 0,1 
0,899 *J,9o4 u,90S
9,620 0,841 0,!
0,?§3 0,810 0*R
0*901 v * *^ v^ v043
0*905 0*o00od4
y*e s i o* 000X40
0*S5S 9 #0 ao JL©3
0*834 d#O'a0444
0*934 y * w
0*90? a*000008
0*851 >0*^00193
a * W 'v v 0
X38.
'imm ttmBB rtmnlt®. i t  i t  m m l m thnt 
(sj the &Mtlim of alo&#X fa eopasr causes a Xoocriag of 
the thoraol m x& m tk tk t?  la  both m t i t s *  
fb l the Xnflaeaet of aio&tl la  Im m im i the eoaduetifity
s&rl&NI as alloying, proee^&at 
{a } n i^ m l p m t ides & pe&ttive temperature eoefficient of 
fM m  1 eeaduetivlt;^* ishteh a lso  laere&iieo !&■ v-aiue 
with ih® n t e t i  eonfent*
|#J  os^gea o® eupfous oatide lowers the theroal eo&daetlvit?
of depper* &&&
(#1 the eo^Me&d o f n leke i &M 0x74.0a ore not
a i l i t t i r e
The r&tero&tTOetura of thooe alleys $how in & ^uulitafiro  
m.f l&at flit &&difiaa of nielrel to copper 0 general
w fi& rneat of the c^ois* thta  refinement being obo^rved in  
t>ot& tos^ittsdiaaX &&d troaaterss direction of the epeetoii* 
I t  i t  cX$o $©-uoludM t i t  onyeen* present &# m pm m  axlda 
iaolailona# distributed threu^iout fh t mtcfl&Xa* hae no 
t&fXaenee o$oe gr&Xa elr-a ezeept in the eosa of unalloyed
(*.?■»-.'vt B $i^n*
fb§ froim $%m m&Muttaeafo mm® by m<±m of the Beels 
efoyiset atarosMSftr' m®£lr*& dU&oiit&'ti’miy the deduotioas 
dr&im froti Vx Xaofian of the aiet^airuetureo* the uddHion 
o f  Eiettel to aopper ia ihana to result in  on ImmXi&t®
139 »
i n  i M  © i m  m i l  m  to
& grosttr m & tm m itg of siruotiiiro- in both M ®&ltu&inu\ and 
direottom* s. ts&ioh is saiBtalsaa srith
farther addition of nitMi tap to about 0*3 per eoni* at 
thin peraost&jp© of aie5~ 1 tfet original groin also la 
re^aoM to i 0 ss ttmn ®m**titth that of iho aaallo^ed eoppor* 
the &reo of flit p l^iaa betas thea «*ppro&i$ktoiy e%mX is 
&11 tifnotioii© of m&aufoe&iit* it is meov^ tea ttmt groin 
sis# i i i  0os2ipoaitloii folios? && o&po-M&fci&i relationship* 
froa the »*£<* It i& eleur ® lm  that
i&ftus&oo oawteO bf o j^y a Is cmlf la ollo^u
eostainiai tent tftim cabout v*$ par $#al ©f aiotel*
*V *G*,; •**'
fToai huriaesa datoeta&fioaa ©a&o tU h  tho f le e r s  wad 
f!0#kt#ll IfcfXfl* sa fiiatOfs# i t  Is  oonolud^d that niohol 
mum® o propr^ roir® l&ore&so la %%® feartao&a of ooppor* 
M o te l ello^a la  &eoar&*ooo with the general loto gorornins I 
the p t ^ t i i m  of ootid o slut loss * flit observed Im m ^ m  
mmt f howwtfj b# ettrlfcated la part to tho pro-re$*l*o 
tmiimmmt% of siftiotupo IMtiead h$* aio&ei, &o rtrcaitmt by 
grain fits® fisa$tis@afmts* It la e&ootodod that ou*rwen 
estms a «wil hut leauouraM# isortsa© of hcrdae^ ® la hath 
pir® oopp&r oai oopptr<iie&ot allots#
uMertotea to ioierulae the iaftuoad* of iron 
on tte ^^ o*hardool^  properties of ooppar elioa that la
X40*
witli deduotion® boa ©4 n-ton %fm $4tiilit>riu3
i i a g r o m  estoMleliti at i h #  Sotioasl .Hipneal i a t & r & t o r y  * 
m  d^ rto a iiis  t e a to ix o le a  © o a re re d  t o  
©opp®r aM  to  thaaa &ilopt bp item la  saminta
o f  f r o m  o # o o 3 3  t o  o * t 0 i i  p e r  o o a t *
...
llroei th# m*i.« i t  is  m m Xutoi that aifeoi
*s u 3 < w  a im m m m  tm  th e  g e n a l t y  o f  m  ;  , r f
gfiicih 1$ t » t f bon&rer* a lin e a r ‘fusoUaa of n lokfl eunioni* 
from feXbmlatloiin bated iifoa prttriou&ly ptitiXtts#& i**rap 
• fe ta  i  I t  I n  i t e t  t i i ts ,®  l a o r e u s t t  l a  @ m m it f  a r t
i it lf ilf  toe to loner fo faa itf aeoaos^nfias the atolilaa of 
glte I t  I t  shorn tfiat oxy-g©n ^mx^m a fe»©ral l©««*i&3 
o f  t l i#  d & M i t f p  b u t  ih . ;  o b a e r t t d  & r©  n o t  r e la t e d
X ia ta r X f -  f a  ib ©  s a m s i't#  o f  o s l t o  in o t u d lo n s  p r o a e a t *  im  
4 %Bm* * © t& . t iO £ & h lp  b<$t«re©f* f e n s l t f  **n& g r a i n  s i s #  m n  M  
tm % £ I *  & o a a p s r i 'S o a  b e l f c t a  i l ls -  t o n s i l ^  b a r t o n s  
r e l a t i o n s  m  t l i #  i m  m y l m  u n d e r  t a m i n u t l o a  r e v e s ia  t f e t  
i n  a  0 & m t& X  w ay  ttoo ss  t n #  j ^ o p o j r i i e s  e a M X t t  a n  s p p ro & i« *  
a a fa lf p a ra lle l increase with alalneX ooatoat* but no ©l&arly 
toflasi m U M o m h ip  im tm m  that#, two properties ota ha
«»+** *«■ #
rte ?&mlta &i tm s ilt  t©#t& slioi tfe t
ar©#st?s Inart&at i#  taasll© strength* &.oauitfeait4
-\ l-'i
by im tm m &  duotllity* th# iirala fin® ta#u# urgent e pr$w
f 7
''Q n ;,^-
JLCU
that Ihm imtmm im thru IX© utrtngtu i# In port tot to 
grain mtl^  #at* o%j.g$n m%% 'W-JL'JJi.® 0v»U---v‘0a vi all 
i&ore&s© la tetiflie strength* th® totrlsmtoX l&fltteno© of 
■OKfiea on iaetillijr Is* honttttr* menirali»! by aylttoie 
ototiloat of Riokci* e*3 per oast of nletei baisg required, 
in th® nma^ itea to re-store tM ductility fully#
taplattatlfei to be itteeod fro® pm is sis@ ssaaurenenta la 
eltsrlf that at the oompo^ itloa stated the bandits of groin 
ooisttftd by the ElekeJL « Itions are then 
Kuffleleil to eimnterhslam© the harmful cffeeta of cmproua 
©side# Fartfeer fetdliiosj of nlolfl then oojaray inereaeed 
t®Si!ile and todSXliy Is &ooor&*no© with
triplet lorn from hordem a ®M $r&ts niste seauuroaest®*
Tor11 I  p fw e ft 1
froa tl10 re salt a of tbvc teat# It is aho^ n that - 
Qt itlthd ©v‘k<ra to mppm imvmm its  
r#tlttam# to stress®a of a tots load oferaetor* the 
iBproTement In  the mmxXm of r ig id ity  baing approximately 
i f d l t l f e  is k  rd* both mlek#l and o^gen oontenta within 
tlis r-'R're-® *&*fsl&*d# ttiae# i^ oronenfcs are in faet auo 
In fart to pf-sntreestim §r&ia r*il&es&&tf &?4 in part to 
the ©otioa of cdUskei is raduelng poroelty*
3L42»
BilaSjjKSOI? MiS'mm 
m m ii i ,  «;.S3 £UsaT?iift.:.L i„ . „ * 4vir5T«
,ipirt<w>a»-^ i»>uiii«>'«»" Ml)*'
ill# toiatiosisihlt therm l and
sostuetifltiei of 'toso tormt the uubjtol of may
but i t  d&Mat fa t  bn e la te d  that e la r lty  Ins 
betai riveted# Manyf: i f  not a l l *  %f %m difftoaXU##
#n»unt<rto due to ilia isi. ttm e^tfiofe of
mtoanrlni ttiifmX ©oMuotivity* for a*,# elsotrimi m n&m * 
tl¥i'tlt>s ©&& b# d#iarmit3#i. *it&  & vary M&& d&sre® of ummtmg 
m m  © tatf fMs tm-vr-ituy© y n the ©oyr®#poa&i&& i^ o&ure** 
masts of M at edado&tlvlty hair# seldom Mea m l# la na oeauraoy 
tsuah ipfeattr than piu# or nims g. par e«s* aiao* m m  or the 
aittua^l0itis ©dv^ naed ©asagyair*# t%@ rglstloa&ftlp btfmien %h®m 
%m p&&p&$tim M m  M m  m t up®n to of bbarmi
m r i i m t i t i t f  but- upas oaianluied ifeXuoa derived fraa iterao-* 
exegtri© oi^sur*. gata* ttte omitti&a position as regard# l !« o  
relaliaasliipi -my tfctyegfcn?© to toflasd briefly#
11 m# iKitoi by a ie t e m  and frasg that &t arliaary 
fesparmtwii ib® r&tlo of ths Ihcro-1 eoritoa tifltjr* I* to the 
tltetrianl eo& totttity* 0* 1# npp?oiimtely aomtoat for all 
f&et&Xs# at 0%* fM# ratio tfiia li 14# & lo*® mad the
haw my tterafo?® b# written t  *  i/d# this 
tonttotoy 1# mmt%'h®t®m fe f  fc?ii an tlm  fa lla ilu a
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tmblQ t *
% l  >;/© o u t i  ' d/d 0  ato*
MXmiinimx IS© m. 10*^ im lyM eim  to i % 13**  ^
B i« a i&  3X4 I'io te i .
' h!ioaim?» 131
%M 'S m m tm  103
i pm ?©
It sill **:' M  ssm  tfc.it tli« rails E/G Tarlse froa 101 » 13*® 
£®y r*»3 1» to raars ttea ftiu&lts that *al&<s t&v Msraitlu
<&*.' l-i.4t*i * th&y«n#>.
wntoetlfity it by tryatai striatore* la the
of finfilt ©yptols of til* tin# e.M tolaltio* the tterml eae* 
&tttt*ity my be mu amok o& to fur oent gram tor than for tho 
|5#lf#ryntniii» m ta li*  feM that for fciamth thin dlfferoaot 
my bo m  great as IPO p$y e#nt* fur ooppcr* to t-r , tho 
dlff©rsno© h M m m  z i w l  etyntol sM poly«Tyat&Xlino mierial 
In only ebtot 4 |»  etrrt* me to ©i$ctri$&X eoMusti'fiiy* both 
fMtt oiil f*o*hntti!t Mira reported ttot tm^^mmmtXsi yield the 
t  ^ fslim for slfel# cyyatoi ead $oX3Wyofcolll&s mteriuls* 
Henet It met to .©osoiu&©d ttot tkt Wietomoa^ ltoas ■relation'* 
isMp to by no H04cs folly eotehilsliei for the pm® sots!#*
I t  is  o f te n  u t u tM  th a t  th erm a l o o o S u o tlv lty  In  ulmeat 
ina©p&M©st ©f tomotratmrt Is tu® to®® of a pure mtol# fto 
mmou;reiseeio reported* to t ito f*  to not b lm j#  Justify  th is
M4#. I'!
| i
doauotloa, bui s&sa In  faat th a t eaafiasrtlvity e&sorally 'I
'4mzms>m «llc;fetly wttb iaoseaae- of toBisrutare, s>2mlsioa pro* jj
vtdlag end exoeijtlon.* 11 liaii elas bsaa r urted t>y les«f fraa t
maearssssats aye? tha rm m  m *Q, to  •l7Sfsc:.. tJtet tha £®at■
I'..
m r n m n t i i f  of a pirn a&t&i s ^ ii  & t«al«aay to io*?e&g© * 1  m  I
-aecroo&o of t  sn r  taro# Ome$ atsi m ut also tousd that m^n 
to ttoet l toaiuetifitjr is iMopendent of tcmpertearo
#M ito t  bf Xoo thto temper i~J*« i t  be < to iuore&oe# ibl© 
in tea tea to to very slight mi first but issere $m®M 
fetts to the t to rm l ©eaduotlvity tmf tocora©
ia f iu l i#  at ill#  &bs#iutf s«tra o f t«por©tm*of hut tfit  svuitobXo 
to not display my d io a e n tim itf at tto  teotoraturo ut 
tftlcth rioetrioul m&m it mis :hu#
It Is ti#er sin# that tto tlefea 'tntutlonsship fees not
apply &t ihes# lots t«#srteur-es*
In  ilia ©met o f fto  eef4ueiivS.ty i t  i# estato*
lir to d  that IM s  p ^ fe fty  teers&sam se the temperature is  
r&l«?e&# a# that # i*s t t M  tto rs te  eeM uottvity ctoas i^ >t v&.ry
apprtti big w i t h  tho oa*
efficient* X «* is m o n p r o x t a t i o n - o s & y *  In fset* in
the tos® of n ie to l I I  la&re&eeo from $*3 s. at 8 /*$ * t o  
1X.*3 x 13*^  at S00°0** a# reported b f  Cmg&v*
%bl%® tto  sM
r o l t e i o a s M p s  m y  t o  r u y  r t o d  m  a p p r o x I m t e l f  e a r r o o t  t o r  t h e  
pay# i^tsli epaerudly# © tib ia  the iiMi&tiom 3Qfttia&gdf there
M 5 .
e im o m ta m y  &l«f0.ayad l a  t 'm  m%<i og a llays#
i to a f Us a s i Z m l f a t m t  b a ft & m u  I k 4 1 s  Um ooppv-r
&Hoy$ fba iMmnm «o$£fU l& n t fo r il'ia a ig io ~ a o M i soIuUum$ 
w ith  s ilic o n *  slumiiaiust m & V ia te l*  to ra s s o s  w ith
lse^#s£liM5 oonocntr^tlaa o f the m in t®  stoao* an lbs other 
to.tkt* G r if f ith s  t t a te t  t to t  fla t i®&$nz o o c ffio ie s t fo r aiusii&toa 
t l l o y f s  & m  i s  o o rj& i& n fc  w i t h i n  ib a  i i s i t ^  o f
e *£ « rt3 o a ia l t i r x r  tn  tho &$&to?es&at o r th c m u l conduct i r i t y ,  
t o t  S H l i  l x  h o t  s m i a l l f  t o #  l a  t b s  0 t -s s  o f  t t o  & l l o f ®  4
b y  C « b * £ t l t > * t  t b s  * n c r o a «  r o / * r * t d  i s  a t  f i r s t  a l i g h t f  t o t  i t  
th m  Wsosxs io ts  rx $ M *  m  t t a t  $%a$m a f  tbs t i t m s  to 
tho to& pasition axl3 im m ^ m  In  l i t  o r t o  s lits t t i n ,  M ab e l*  
lu a ln i.m t c llio o n  and ptoophorus# I t '  i t  *1*•*
t l i t t  t i lo y i t o  ;'ro:uco$ t  p 2 s i l i f t  t^ ^ o ru lu ro  eo s rfia U & t o f 
conductiv ity * i i i r *  - -rs# the rx U o  i t  $ n m id
to t  ^  fary sottl *r t iy *  im- tfc© ojyytx alloys CA.uxia/4 
by &M Isxl falser lbs results obt&iu&d l i t  os &
eorrc tfilsb is tiso tt & «trsxi|'&t l is t *  c*s# taith to® &1&0 
sliotE' tbst for copper sllofs gsmi&liy| tho to r m l  ooa&uaUfity 
it* s&4 tbs electrical ooadttftUtlty* botb .^ sssurwd oyer tbs 
r& & r:C  S i % #  t o  t i O ^ a # *  s f #  x . ; l . , t ' , a  i t  t l i®  f f  b y
t b i  t s ls i ie i t
It «■ it + &>#\ i f  $
|b  «Mab C is a masltmt wliteb m u  to r e tr ie d  to s,he trus 
lo rc iis  c o o ttic U n t fa r  tbs part o f ths c a M u e tm ty *
tu i k r^prosoats tba part of tbs tbsrml con«*
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duetivlty* Tfcia re la tio n s h ip  how m r, ovor aoaai
part orXs of tba t.nr-'r tors rsfit|st aac! tSs® ^aviations fro si 
lisle linear relationship hzmm m m t^otehle  far thorn ulloya 
of Mfh mnimttfltw* slthfa ®q},m%km is la f&ei & mdi«* 
fleafcicm of o ri is X formula in whl&x t^ r® 4  ©o&duo**
tiv tty  usa m l t t m - m  th© o f  t«o in ra s* om saot^xiio* 1%* 
eM the other K^ * r*o t t
£ *  %  t  % •
Th® ofej^tloa to tM i i%  us •^cj&io*v-:& by I$m^3th©yy* tbut 
n  I «<£ elootrioo't &» not in  ©triotXy
Xlm&x w®l&tlomhlp tmmpt istiore lit® part of th©
a o n ii ia t f f i ty  Is  r ^ la t i f fX ir  ro ry  s a i l  on e o s p ^ d  with, tho 
i^ ta l i le  r rt#
That tho E r^oas ooeffioieiit for a lloys  fsrralB® i^Xid 
ao liitioas  m r ie s  © 0f^i4erably may e lso  b© aMwa is  the ©use of
the fellOffl# lie?# the TalmSo :,t 0°V* e&l«ul&fc®d
froia Cetitrom*!5 flf:!3f#n yairf from §*S0 a io ** for pur© eoM
to f*€t i for the eXXoy costalaiaa 0a atom per eost of
s tiv e rt At lhv% #f i lo  tor©*s£ oo tffio lest from 5*S3
■s for part ip M  to f  * t  & is*^  for tbs &Xloy ooaislntiia
•9
atosta per ©oat of ©iiiM&y* >,rd then fo lia  . &..in to $*B§ & Xa 
fo r  p irs  a l l r ^ t  th© otirtos «ot being om»ahie to  ^ ttesm tio aX  
^mXyair#
I!sBe#| to  a n s & r i t f  # Sony ssisirlosX rtls tio & s M p o  bet m m  
m® thmmt sad sitsfriaai mMmtWi%m o-f sstetols and alloys
w »
hate ha a otfsmoad* la m $ t  I m tu m m § h m m m $ they hay© 
boom &e&u©C’& froa ibersol 'm $ ^ m % V fttf of
ittstiffielonl &0©ur&sif# It ibao be eonoluaod that 
b e e t le  &®«ar&t© of tfiersisl ooMuatiyltir in
Wjtal® snd allOfs 40 tsot essi&fc It is not poaaibl© to intro** 
cIimo any mm uM  to d a « t«& rttX&tia&fi&lp bet«e©& iherml 
&a& ‘ftlMttltai tonfeatlylty*
i s  i *
Th* o&thoX® Q'r;r# r  &&M m  m !>o®t§ fa r  the $,* # r  t io a  o f  
the &XXoy* mm smaXjeed lng to  ih© faXXowing procedure*•
'tftEtf^ flt® of this BaierisX nere &immiirz& la &&
&©I4 m ixture aoaolsUas o f  X88 e*t># o f 41©*UXed mater o lth  
is  o*t# o f mmmit&%&& m lg tm ti®  m l€  omi ts  e*o# o f oonoen*
iretai fitirle £*414# the eolmliois tm thm . woroeX end diluted 
to  i t - l t t  l i t  w®lxim w ith  i ia t tE X e i molar. x t & tu&p^rsture o f 
4a0S# aulptmr Ito m lte  go* f r t s  a ogX^hm was bufcfcled through 
lis t fsdXmttoa tm iiX  i t  hod b€m m  aoiurotea w ith  the cos.* 
tm  iro p s  o f eoacrtatr&ttcl fc^&roohloris m ia  ware then au^ed* 
■&M the IX 'ulsi a ilo m e d te  u ton i overn ight, * miparnetoiit 
liqu id  wub the* otaefited o ff  throuph & f i l t e r  £si ©atieataa 
In a % m **lttm  fiiiti* thr preeipit&t© holug n m h m  bf dee^ r** 
t& t lm *  The ,i*y fee tp io*. e lIv o r t e ith e r os m m l m
ehlori&fcf t&eiefclu^* te llu r iu m * Xm€ suXphot© o r trecre-i o f  
*»S. bi&mfch* hn aolXeoies Xi:;ula eia aiiutea to 
;: rp rex ls& te ly  os« l i t r e  $ aaa & so lu tio n  o f uoocmiun* ihi-o* 
©y«at© oout&iaifygt 40 gr&ms per litre woa cr^ Vaoliif e40cX with 
c^nstoat fixoMftpf ti&tXe m 0 * ilxmmm o o rre n t-o f jsalphur 
d ioxide «g» iiilow03 to p&m* IM s  mm eootinticd uniIX  the 
preset plfc&te cfc&nged to u white s e ll*  shea the two«*litpo flaa lt 
no* f i l l e d  up to  the sur& ©M the oooteiits thorou-hl;* tiiated*
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kmom walussB of 1*0C$Q aiMi ijf.K/ 0 *0 * m® ihmi
flit<trei off* eai the smlj$air dloxMt ^spelled from tht* 
flitr.tlB tv loilt&s# -"ft &il08&&$d of isixXce-s euhi© oe&ii** 
i50iros to reprwstixt tte  ?sla-a^ of t&$ cd roa§ ibio^fiSKite i*as 
nfc-u^ j* fli'ft TOlmm o f the soiwtJUim in the i4©slc tsefor® fiX iorlao  
!>&l&v: therefore i*M4 o«o«
Tli# mm m^mtm% tmm Ifm  f i lte r  &n& tlie latter
Ceoifs?®4 W  fo ilin g  i l th  M lr i0 sold* f!:«a rtsidtie isms ttmn 
;,&3nt& ftM tfee «$u>le treat04 &$mtn &l%h iilirf© m M  u n til 
asMtJut* utoa 111# ©014 WM rssoftCi. tv  tirxpofsf ion o& s 
hath* I l k  t tm tm z t  mv# ii dried residua t t m  whim & i i tv r  
mn. M  «mtrs§i@4 an alitorMe by irtsiimsst e lth  h.;&rm hl$rl®  
ntli* .>a the preeeagft of o h t im w  mas possible, tfts pt®-*»
$1piloted nlVrtiv  o&iori&O ®ts cilseatad filth Es o,o* of yellow 
ttsssmtai isilpM it eostsinliig Q#5 gross of ©minium oMotidsn 
This ertiNMit wrnu prtisr^ st usiisa «?ith tho astiuesy In 
tlit e&ln. mlu.ilm.* -nXphi&m mm then oxidlmi omj with 
n i trio  &$M§ the Itm iM  m u o M tm  to  drysse#* aM silv er  
mirnim thm mpor&tmh ho liyarodhlorle m%a9 filtered through 
& Qm®h ort)$i&l$ m to ss. &$bwtoo pad, drixd* end. ©^Isfeed 
lit eg4l*
« s . iU i io i : — 1 u ^ M X s i ’
Vh® d l t e a lt t i  ©uifsfour dioseid© was f ir s t  ©spoiled i ’rzm th is  
m lu t lo a  by bailing* mo. hydrogta tm lfM dt then passei
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t%tougfr la  &.n%i3&>n$9 &n& t in * tiioo#
QsXm&Uxl with aOKtiiioi inilpMoe* Th$ t ; 4 ^ i  ©ajuitioa
was %hm . with auiptar^ ti©# !v#r a^i to
!
tesmrw reOT^i* !tfsm# Mitel*. ant mSi» ws?n ttea I
t & f . m  m t  'h f  t l m % ? * n ? £ v i n e ,  V h &  m % n  m l u t l m  & 3 M l i n *  w i t h  !
i
trsocmlo. aM  oanaliis h^n.iv^n smirhi *# tte  aui$M4sm of %imm \
!
tbr## -eiomsjstil W W  tlfcttfc f l l t n w l  o ff  ana Msiaiwnil in  &Uute‘ 
!sy$f$bhXtf|X<j feaia* a I I I  l i t -  &*5mnla  m*a thim t,> hrteQ
sto a t ©f tha lra %  ofeieh V on f i i t n i t e  a f t *
iofiltM t0 aM wflnhti m ©1101, Ite fiitfMn a^atai&ina
anf It m $  a te  t  mm wi th h?&ro®hlmio mM.
m i  tea t$  & woiasn a t So 0*0*1
> i t  m& w&wmi i i i  a hat m tum i® 4 m X u tim  ■&£
*■ p t^ al in anii was &04#4 to tost tot tetmit* Tftls •
soX&fci&n wm flttm % 4,$, te l m  aobaXi « a te  ha 4rteM«4 in this 
mterisX* Ite filtio ite war Uv„o fte<‘ ornate s with 3 0 *0 * of 
ocmaontraiM smlifcifXo te I4 *  to- £wm» ana them
c m rtfM lf dlXnteil to 30 $*«* Its & llf#  M o te l* w%im Is so;cc-«* 
t tm $  f#osf®i la  trains in  ta tte te  copper* wan preeifXlatad by 
tto» glf0lli0S- mXfm-H re&sleribs ite  noXuf loa a lk a li no by
$Xim mj ®£tm bo 4etemte4 in ttmm In joir©
e *< 1  sejwat® &* *l/tla to t  th i0 ele.nyal w&& e$agttGtc&#
mitife m £it%f«§gm, tow tlio rte r^tal mm
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ssoewdiasljr in i*S or lea altii#
oMct diluted with XOo ©*e* of 4i#tilfeu water* ail? or 
aiiarid® wm fhmn p r m for te la  g u r^ n  a geaaii
©i" *4L©rm «&u4u wife's^ ■f&aa trie i^ o-rut toa thon
diluted to fie© @«$« aeaml«i we# wlowl^  tiaiesS until a 
pppm m ti t  fF e t i f l t a t©  stma fars^a* f i l e  won allowed, to $®ul©  
d^isrflight oa %tm bM«*plu%® %>.$$ thon  t i l to r r c l*  th® jeeeoifltm tt 
torifrs i t s e l f # #  n^ l^ an-r’aonti^ la  to t 13 pm % s itrl®  m%%9 
r,fttf tit® l vainer i t vag jrnotpitei© r0%mlnlrii| on slider 
t f te i i#  t n  timsfei. from t i t  paper* teller mth 13 aer neat 
no 14. &r*3 filuiirKl thrmpn %tm m tp lim l  goper* tfe  
h&l&% tkm  W’lsltsi with hot dilute si tael® uoii* 
£ f t # f ; t l i t  tfe© i l e u l ©  fh c m M  feo m lm t  i f  & t& $  v m l l
&mm%M of atiiitao.ag njpn p rm m t*  IMu solution w#s eim ©rate® 
to dfftr f t\r**fli m  torn drop® of tefirootiXarlo m i& 9 a pa tm n  
S e,.©* af water wore Mit4 to e la r l f f  #. ®.fter mieh fci&s&uth 
a^ ohi&rldw mm i?re«i-:ltot#4 t?g diluting werr t# in
©♦#♦ Ib tlit smltrltl tmeigeta oialr a m vf faint gr^oipituto 
isns ohtaiiK^* m rtm im tA ing  ia a * £ 0  trot® of tisrnte in 
IV orl.i al v, tai*
la  attaraieitac* iend* t tm m tl^ m  mihois wMoti m% fen ©act 
wort ?«rrf n&rofuXXy taa©f4er#4 in  d e t a i l t aad a lt la u s i  
m^kttmX§U$^X to 1# the im$l iergt&y siff tfa aaat Xab.,riou©
■of nil# th# ^Xeei^oM*1 issttoi ©an final!? £toi&©4 it
icing undoubtedly th# m ®t aaouratog ee.#wlolly in the
m z .
■ieteiiuimtion of oalr ferf s.aeXl umunta of flit is&purity# 
e 5^r&& wae thoretor* &i9$ol*$d ia  S3 o+«u i f  a lir i©
-asli# 4t tills  atege 4 ’feri' fat.at turbidity§ 4uo to the 
gfe^ etia© of o t?&m of tie* ws# &otX©$&# aooordia&i/* ISO a,o* ;
I
of feolltag wnter m m  n M M #  u l tm m  m l&  m & m p ^ llc A  h$ 
hailing* mvil tM  t i n  ■iiosl'le mn t rn :m m  h j filtration# Oiia 
pwoi to h# .» 4:ffl©ult op ^m iiee* &sd th& solution h m  ta i
4# fillutr , nettrol tis. itlhir# CisaXIg ela*r» to the fll«* 
tret# m liD @*t# addition -of l^eait &6t&rt m §  suae, &n4 the 
pvmipi%^%0$ lest aalph&t© fas filtvrod off im m izM  a a&refoii^  
pm pm n€  Otoe!i ©ttioibXe* fmsMfjg mm m m  with a mii*i--ait of 
th$ %m%im he tan flsailf rfacmeft be 50 per ©-©at 
■&le to! tM th&n with absolute alcohol* l&a prssalpilut® was 
t&ea ifpdtti; at m wry imiiertie re4 hart &&4 wolfed as ibr'y^ * 
tit© ^aei in this mham a&tar&ia&tion pro**
■pami W  p0mUk$ SOO '«*.©, of ’wnlphurla eaM iato 3j- ©♦©* of 
tuttr# os# pea of lent resist# wm ttm n oi&solim4 in 500 efo* 
©f d is tille d  water ©M e ile § t lo iio  to toe hot ©ulpharlo ©aid 
solution with ©tirriagu After ©i#nsUno fi?r &&yaf
tti.li ©.olutioa msn flltorwd iltrotiglt a thiafc- oabostoa pulp filter * 
sryf. &©i?i Ib © tight If sofHea limit uatil re-haired far ase*
tte eoBtemt of a&y^ea « i  b$ pm&Xm u *tr©©&
& t lo ir lf lo i an© tried  hgarogen area © hemteo iea^ertm
:
tm rlfs of the isttml eoat&ioeO ia' & I>tilh«4uhe • of itm m  a llie s *
to grtpere %im .for a lar-pa was
rolled to a irery this atrip* «&■$ pl^ mXm la hot ralph-ari© 
th&a mmhvii with distillate mtsr*. teriste fit & 
afesolBtt ©Xeohol ante siisf* essjt&l ms Introauoil Into
ttee taU>»t&btt is itet film of fesaii ©lippl&£® nut fro-, this this 
fell* T!ms mm ■& In & Iii|sf,e aaanrataa tram
a^rreai©^rrta# nine »«a hydroafcldtlo #old * »m #&s purified 
hy ihrm&i a yttrlfgrlng olialfu Ilia saintiom used
nets fifBtlfi , ot o nltm Iter ttee feaootel of
Itgteronmf teens * il tet t par ©eiit illfer nitrate ssXmiltm for Ha 
&fe^¥$*U<M» of te;r -lc testeperva 0 m oan,i* a&l the
h|-£r n gar w than through ©hressetu ©teloriie to
r«wsaf0 istete a #f ©^§fn.* sine# #tef«eus eteleri4© In unsiatel©,* 
It imat te# fr©afil7 prtp&rs4 for e&ete &. teraiaa'tion* Pitr 
Itesteitel of any eteteitete preset# the tesaropin is prUallj 
iritd hg ■aaiaiua ©hlstitdf aad Is dried finally by pming it 
mm pbos h i^s psmtpxid^ austfi ea m -wml* mtm
i&itnPm%m  He doppaf1 t lir f ln g n  into the aa4
o&nmvoU&g to she lifirasan auapXf# He ante in eon-*
ienin are taste., gonfif' we# ® Bmmmi ilu tm  to a red heat* 
l&n hyiK>iaB teelSte iritiafd Iter 011® hour to ensure eoarlat© 
tc«-:aptealtioa o f tte# ©ut:TOUS la  m  e|ieeites» fc£ia&
©&uly&©4* Bwferw 000*. r.s irp th  * fe o ^ iiir;*  &0TOirwr# I t  iw 
mmntimi to reaofe all air tmm. tfe fcull^ tuteo* arte far litis 
parpf# lietrogsn l§ iffpt thnmph far ateut So In the
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m 1*1 # tb it  p rtte ttio s  teeing m m m m y  to e m it  the paean 
b i l i t y  u i  ^ r - ^ i m l o n  $ m f i &  h m t i m *  thm s a ta ?  Jters«4  
the ftemetloa m tm m  the tey#raii#it eng the auprouo oiid© m 
m llm m x  in  .& -* I * oaisMsi H lo rid e  tu n  $o&t%lr*ln;s 
freshly f*p#4 tfhlorid*, the lisatitei teeim e&«tiau*?a with 
cup as te n t p n # n ,p  o f h f4r> ;pa fa r  sne hour* P  tm  no l i t l m  
Q t  tteis o f e r a t t e  t&e I ‘i t m i r n  is  a l t o p f  to m m  iix & 
4deali?it s tr ta n  o f tiydroses* as# the sa la t $& etO ortie  fcutet 
I t  ttsea P M  ielgh©# te n te to te ly * ten t$$&l tiros
©nmiplni in mteotiv fKitirn ::mib i t  m® fm ird 9
PMm rte tilt0 as wUi &e sseso tmrn tM  ftnoly*ce
suatM  l it  -P tilo ii. i  iter the m i b & m  m p p m  m  m XX m
in  x m tim  S# Wlmm %m tettfenieni for mifpm  in
mwk of I  it® ^XXoya py^pmM  ! w  temti moordsti*
1.55*
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tb% feii l^fscm of IM  © i ctal l& m
X&bztX&m mWmiM lM n wets «4op$©& for tM ©otMio so#3**r
a m l^ m  m m  m M *
10 t o  IS (0 uim of fclior «li&»oiYe4 is  55 |>er
■0011% filtrl© aoti iM  %b&n to Mo cuo# ttm m~ tae
tljes ity p&0#in& l i f * 6 ? o b $ $ A  t&ro$ch
watot* t%m wm ^m  of *v ro§#ti mm thzm bolltd out
tisa thn  ttw M .  w*poyt i  5 to stssil M in* aty proolpit&tft 
m m d n tm  M m  vmmm^ h f  fiMfatlsm* fa th« 0 c r ^
o** t^aiioaiaa wett eds«4f follo^ oo &a e&o^&n of
aeuaEtm. ^fi«r l» llt f t f  for #.» &mr i t  000 fU u ro 4  to rornw 
iho s f tM fd te tM  IfCEl* th is  M t& a tlisil oa-she-4 v i l l i  '
M l  * a t « r f 4 is o o iw i o f f  tho i i U m  w ltfi M l  4Uat«- M dtoo !^
Xorio &oiif IM iron ro^rootfitatet M ifto r
WsslsiiM i f f l f t g  I t  tae * i t ©4 to
The fiitro to  imvx tiw iron $rooiptti*Uor> *&* tbvu  eoaoon* 
tm te 4  %r ®m porotion 10, imUUL &ul&f & ol& ified  n itb  &>rdroohlori0
&©idf Ifcis rgn6ttre4 Just miMliao wi th m & lm  mrh&mt®* 
e f te t  *& U a § a few ira j;^  o f ttf4*o<ft3x»rUft <toi$tt liydro^n
wan imsiea to te m ti tte sI m  &# eaiptU4e»
$rooi|>iiteto was %hm m%lmcttr®iL in  s^roahlorio aoi4 eM tM
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z lm  in  the rosultlm  soXiitlssi c i t i f ie d  fey p ^m ip it& tim  
m m T tiim  to  thm mb$&&m
"tie f l l t r a t t  no obtoimsl, mu ©.Mdifiet with, hy&£o«hl&rio 
a i l t  u% mate# « t  i l§  gq4u naXiyll.#a e4Xe4.. after  
aiXatiinf to- eattM  i t  »©  riitoim t* the Iteta-
ilasal^etl In tiyiraafeloria &«&£* In ifeXe ee liiilo s  itlsXsX wise 
ea Ilsie tail fey w m x***, i n ith  Xhon d ik in g  u satIX
e m a tlt f  In ®%mm or uM  fey yrneip it& ti^  the
t t i ;.Vl fey tfea F '^o x im  rrtfeoU 5 t l #  flitr& tiaa tfe® Ulolc^x 
-Iyer I i wm lyn ltM  to « l i #  at & dull a?£& heal ee l woinfeoa 
eo ©atfe*-.
the m l ^ M  *'£ In I- fo r  tha ie i t r a lm l io n
of i& ©sttoge mpp&t me om-=i *!*«> far. &%%mm,nln& the
wntmt# of the? aafper^if&ex eiXoye# . laon® or two 
when a ffeesl m s m  Elteftsaiiira
sntfeai wm $ but tfes: flgn^e-o s^otei In seot.ioa a rafer
fa  ie ts r s lm ttm s  fey thfc *feulb* m tha4# In fchlt nitera&tlte
ctraita o f  artlX in;j ire.ro y,leant in  ^ ssas 11 
mnlo&l fitsfe im  with ioo §*c* of c l  f^r eant
eoimtlaa a f  ® llm r itltrn t-i In  S ln tilieX  « fie r
la ifs^t !& Ilia toM far fully ana toir*. tfee yr^elyltate waa 
off* m%M& te l l*  and freatm In a 4Uh w ith  
aaipfrtrla- ©aid* Title Ira&tsmnt jleM a tfee m$p :r an mpp^T 
eaf irn 4  th is  naimtlon the staffer was fcsUftaUft
m m im t a &%, n l m lo tl® ® * eta© n ,m tlan  
T ^p rm m ih ip  the lareltett Is r i t m  by the following
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